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Electrolytic Aids to 
CHEMICAL PROCESSING PROGRESS 
The newly designed, high capacity Hooker Type S-3 cells are playing 


an increasingly important part in the production of “workhorse” 
chemicals for the process industries. 


Uniformly high quality GLC Graphite Anodes are doing their share 
to help the electrolytic industry meet the ever increasing civilian 
and defense demands for chlorine and caustic soda. 
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Ina split second, relays, which are 
high-speed switches, set up dial tele- 
phone connections. Then they are 
off to direct the next call. Yet even 
this speed is too slow for Bell Lab- 
oratories scientists in quest of still 
faster switching. 


Scientists and engineers devised a 
new relay —the wire spring relay — 
and worked out the production prob- 
lem with Western Electric, manufac- 


turing unit of the Bell System. This 
is twice as fast, uses less power and 
costs less to make and maintain. 


With speedier relays, switching can 
be done with less equipment . . . and 
calls go through faster. The wire 
spring relay is a practical example of 
how Bell Telephone Laboratories and 
Western Electric pool their skills to 
improve telephone service while keep- 
ing its cost down. 


New wire spring relay. Older relays had f 
metal springs and 70 parts to be handled, cor 
pared with 12 in the new model. Relays operat 
by means of an electromagnet which respon 
to high-speed pulses. 


New relays must be able to operate one bill\0 
times—equal to once-a-second for 30 years 
Employing a sound recorder as a precis 
vibrator, Bell scientists learned to evaluate thé 
effect of sideways motion on relay life. Su 
rubbing motion is limited to one-thousant 
of an inch in the new relays. 


Dynamic Fluxmeter, developed by Bell Laboratories, 
indicates flux build-up in intervals of 25 millionths 
of a second. Precise information like this was essen- 
tial to higher speed operation. 


Relay springs as they come from Western Electric 
molding machine, before being cut apart for use. 
Molding technique saves time and money . . . makes 
possible the maintenance of precise adjustment. 


Bell Telephone 
Laboratories (@ 


IMPROVING TELEPHONE SERVICE FOR 
AMERICA PROVIDES CAREERS FOR CKEATIVE 


MEN IN SCIENTIFIC AND TECHNICAL FIELDS 
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the normal hydrogen scale. 


INTRODUCTION 


Corrosion of the common structural metals results 
in heavy financial losses each year, and a thorough 
study of its causes must be made in order to find 
sitisfaetory remedies. Among the causes of corrosion 
is the effect of differential heating. Thermogalvanic 
corrosion, as this type is called, is a form of galvanic 
action in which different metal areas develop different 
solution potentials, causing metal to dissolve from 
one surface and deposit on another as a result of a 
temperature difference. An example of this type of 
corrosion was described by Maude (2), in which a 
copper steam coil used to boil hydrochloric acid was 
found to be destroyed rapidly due to a temperature 
gradient in the coil, whereas test specimens at the 
same absolute temperature lasted much longer. 

The mechanism of a thermogalvanic cell is com- 
parable to that of a metallic differential thermo- 
couple, the intermediate metallic element being 
replaced by an electrolytically conducting solution. 
At the electrodes the passage of current is ac- 
companied by a Peltier type of heat effect, as well 
as by the transfer of electrode material, while in the 
temperature gradients the passage of current is ac- 


'Manuseript received December 18, 1951. This paper 
prepared for delivery before the Detroit Meeting, October 
‘to 12, 1951. The first article in this series dealt with the 
‘ilver chloride thermogalvanic cell and thermodynamic 
ispects of thermogalvanic cells (1). The authors have kindly 
‘onsented to a delay in publication so that this paper may 


‘¢ published in the special Theoretical Electrochemistry 
Issue. 


* Present address: Bart Manufacturing Company, Belle- 
ville, New Jersey. 
* Present address: Columbia University, New York City. 


Thermogalvanie Potentials 


II. Nickel in Neutral Sulfate Solution! 


Dopp 8S. Carr? AND CHARLES F. BontLia® 


The Johns Hopkins University, Baltimore, Maryland 


ABSTRACT 


Thermogalvanie corrosion is a form of galvanic action in which metal dissolves from 
one surface and deposits on another as the result of a temperature difference between 
the two surfaces. An apparatus was constructed for measuring the thermogalvanic po- 
tential developed by carefully purified nickel powder in several concentrations of neutral 
nickel sulfate solution under temperature differentials up to 100°C. 

Reproducible values of the thermodynamic potential were obtained, and were found 
to vary more or less linearly with temperature difference and exponentially with nickel 
concentration. The hotter nickel surface was always negative with respect to the colder 
surface, thus having a tendency to corrode anodically. Under average conditions the 
thermogalvanic potential developed was about 0.89 millivolts per °C. 

The standard potential of the nickel electrode was computed from isothermal meas- 
urements against a calomel electrode, and found to be approximately —0.232 volt on 
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companied by Thomson heat effects. Metallic con- 
duction across the junction is replaced by electrode 
reactions which are the reverse of each other, the 
oxidizing agent which is reduced at the cathode being 
regenerated at the anode. Thermogalvanic corrosion 
can proceed indefinitely if not prevented by such 
factors as the formation of insoluble films. 

Early attempts to determine the thermogalvanic 
potential of nickel were unsuccessful because the 
unstable nature of the nickel surfaces tested made 
reproducible results impossible. It was thus the pur- 
pose of the present investigation to prepare repro- 
ducible nickel electrodes and to measure their 
thermogalvanic effect. For simplicity, a C.P. nickel 
sulfate electrolyte was employed. It was also decided 
to obtain the standard electrode potential of nickel 
as a check simultaneously on the electrodes employed 
in the thermogalvanic measurements and on the 
literature values for this quantity. 

A summary of previous thermocell investigations 
is presented in Table I, covering the period from 
1825 to 1950. It begins with the original measure- 
ments of Walcker (3) on the direction of the current 
when a hot and a cold platinum electrode are im- 
mersed in an electrolyte at room temperature and 
concludes with the measurements by Uhlig and Noss 
(31) of the potentials set up by thermal gradients in 
iron immersed in sodium chloride solutions. 

The first systematic tabulation of the single elec- 
trode potentials of the elements was made in 1900, 
when a careful review of all data then existing was 
presented by Wilsmore (32). Table II is a summary 
of the deposition, normal, and standard electrode 
potentials of nickel that have been published since 
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1900. Since much of the work on this subject in the convection. Prior designs of thermogaly inic cell the 
past involved no special precautions with respect to which were examined employed solid nickel jn jill yasot 
temperature control, purity of materials and freedom form of wire or strip but failed to give reprodycij iam 
from dissolved oxygen, agreement is far from perfect potential differences, in spite of annealing () remoy, 
among the different authors. residual strains and reduction with hydrogen \, 
TABLE I. Summary of previous thermocell investigations 
Author Reference Year Nature of investigation 
\eumal 
Walcker, A. (3) 1825 Determined current direction when a hot and a cold Pt electrode wer fi Kiste?: 
| | immersed in an electrolyte at room temperature. Pfanha' 
Faraday, M. (4) 1840 | Determined current direction when electrolyte was heated with elec. Mag seme” 
_ trodes remaining at same temperature. st. Lak 
Wild, H. | (5) 1858 Studied thermoelectric force developed between unlike solutions. Bonsdo 
Mathiessen, A. (6) 1858 | Studied thermoelectric force developed by unlike metals. uler, 
Becquerel, E. | (7) 1873 | Studied thermoelectric force developed by unlike metals. Muthm 
Bouty, E. (8) 1880 | Measured thermocells of the type metal-salt solution-metal, 
Gore, G. (9) 1884 | Investigated thermocells composed of many metals and electrolytes, ‘offett 
Czapski, 8. (10) 1884 | Studied thermocells of insoluble HgCl. and AgCl in metal chloride Thomp 
| | solutions. Schock 
Gockel, A. (11) 1885 Measured many metallic thermocells under gradients of 0°-40°C. Nega Schock 
| tive results obtained with nickel strip in NiCl, solution. Schwel 
Ebeling, A. (12) 1887 | Copper and zine thermocells with sulfate and nitrate electrolytes. 
Brander, M. (13) 1888 | Studied various thermocells. schwe 
Chroustchoff, P., and (14) 1889 | Measured calomel thermocell and silver-silver chloride. Schild 

Sitnikoff, A. Smits, 
Nernst, W. (15) 1889 | Used calomel thermocells with HCl, NaOH, and LiCl electrolytes. )har, 
Carhart, H. 8. (16) 1893 | Measured calomel thermocell and Ni-NiSO,-CuSO,-Cu thermocell. ilasst 
Ostwald, W. (17) 1893 Discussed theory of thermocells. Murat 
Hagenbach, A. (18) 1894 Obtained unstable values for thermal emf of a nickel thermocell. 
Coggeshall, G. W. (19) | 1895 _ Determined effect of heating and cooling electrodes on emf of calome! Harin 

| thermocell. Var 
Hagenbach, A. | (20) 1896 | Found that dilution of electrolyte diminished emf of amalgam thermo olon 
cells. 
Richards, T. W., and (21) | 1897 Studied calomel thermocells with various supernatant liquids. 

Lewis, G. N. | | Kurb 
Benedicks, C. (22) 1925 Described ‘‘action of the hot wall’’ and resultant pitting of metal. My 
Eastman, E. D. (23) 1926 Thermodynamics of thermocells discussed for nonisothermal systems scary 
Eastman, E. D. (24) 1928 Gave expression for Soret Coefficients calculated from limited thermo Varn, 

| galvanic data. , 
Eastman, E. D. (24) | 1928 | Discussed entropy calculations by means of thermocells. 
Clark, W. M. (25) 1928 | Thought thermocells were unimportant since they were not in thermal 
equilibrium. 
Bigalke, I. (26) 1931 Studied silver thermocell using scraped silver electrodes. C 
Wesley, W. A., et al. (27) 1932 Investigated thermogalvanic corrosion of nickel in milk. 
Maude, A. H. (2) 1943 Ascribed failure of copper tubing to local temperature differences and 
| not absolute temperature. 
Berry, N. E. (28) 1946 Measured thermogalvanic corrosion in an acid sulfate Cu-Cu** cel! 
with Cu electrodes maintained at a temperature differential of 150°F 
Buffington, R. M. (29) 1947 Dealt with thermogalvanic corrosion from thermodynamic point 0! 
| | view. 
Levin, H., and (1) 1949 Investigated Ag/AgCl/Ag thermocell from thermodynamic standpoin' 

Bonilla, C. F. | 
Tyrrell, H. J. V., and (30) 1949 | Measured thermal diffusion potentials of Ag-AgCl and Ag-AgBr elec 

Hollis, G. L. | trodes in several electrolytes. 

Uhlig, H. H., and (31) 1950 Measured potentials set up by thermal gradients in iron immersed it 
Noss, O. F. Jr. NaCl solutions. 


APPARATUS AND PROCEDURE 


remove oxide films. The anticipated difficulty of 


The final form of thermogalvanic cell employed 
was adapted from the design of Haring and Vanden 
Bosche (50) by using the curved connecting arm as 
suggested by Schoch (43) for preventing mixing by 


al 
keeping the prepared metal out of all contact with 
air discouraged further attempts along these lines. bo 
The relative ease with which reproducible electrode va 
potentials could be obtained with powdered nickel 10) 
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Investigator Reference 
Youmann, B. (33) 
kister, F. W. (34) 
Pfanhauser, W. (35) 
siemens, A. | (36) 
Labendzinski (37 ) 
Jonsdorft, W. | (38 ) 
Euler, H. | (39) 
\uthmann, W., and Frauenberger, P (40) 
Coffetti, G., and Foerster, F. (41) 
Thompson, M. deK., and Sage, M. W. (42) 
schoch, E. P. | (43) 
schoch, E. P. (43) 
Schweitzer, A. (44) 
Schweitzer, A. (44) 
schildbach, R. (45) 
Smits, A., and de Bruyn, L. (46) 
har, N. R. (47) 
ilasstone, S. (48) 
Murata, K. (49) 
Haring, M. M., and (50) 
Vanden Bosche, E. G. 
olombier, L. (51) 
Kurbatov, V. Y., and (52) 
Myshkovskif, P. P. 
Scarpa, (53) 
Carr, D. S., and Bonilla, C. F. (Authors) 
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THERMOGALVANIC POTENTIALS 


, the thermogalvanie cell finally adopted was the 
json for its use. A sample of stabilized nickel 


TABLE II. Summary of electrode potentials of nickel calculated from observed values 


Electrode potential, volts | 


| Deposition 


| —0.517 


 —0.603 | 


| 


—0.60 


—0.395 | 


—0.32 


Fic. 1. Thermogalvanie cell. E = electrolyte; T;, T, = 
‘hermostated baths; Ni = nickel, powder electrode; C = 
ilomel electrode; Cu = copper wire; V = vacuum. 


powder (54) finer than 100 mesh was purified by 
acuum evaporation of the residual mercury at 


00°C, reduction with hydrogen for 30 minutes at 


Normal 
—0.228 | 
—0.218 | 
—0.236 | 


—0.155 | 
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450° to 500°C, and subsequent evacuation at the 
same temperature to remove occluded hydrogen. 


(Based on normal hydrogen electrode = 0.000 volts) 


Remarks 
| Standard 


Ni—plated on Ni amalgam—in 1.0N NiSO, 
Cathodically polarized Ni in 1.0N NiSO, 
Ni—not exposed to air—in 1.0N NiSO, 
Oxygen-free Ni electrode in 2.0N NiSO, 
Unable to prepare satisfactory electrodes 
Unable to reproduce results 
| Etched Ni immersed in 1.0N NiSO, 
Ni—polarized in distilled H,O—in 1.0N 
| NiSO, 
| Electrolytic deposition from NiSO, 
Spongy Ni in neutral molal NiSO, 
Ni wires—heated in Nz atm—in 1.0N NiSO, 
Powdered Ni in 1.0N NiSO, 
Pulverized Ni in neutral 1N NiSO, satd. 
| with 
Ni strip in neutral 1N NiSO, satd. with H, 
Powdered Ni in 1.0N NiSO, in atm of N, 
Ni wire in boiled-out 1.0N NiSO, 
Irreversible Ni electrodes in KCl! solutions 
Ni deposition on Cu from 1.0N NiSO, 
Powdered Ni—by reduction of Ni oxide— 
| in 0.05M and 0.005M NiSO, satd. with H, 
Powdered Ni in air-free 0.05 to 0.15M 
| NiSO, (25°C) 
| Solid, electrolytic and reduced Ni oxide— 
free of air contact—in out-gassed 1.0N 
NiSO, (20°C) 
Potential measured in presence of Nat 
and 
From emergence eiergy of electron 
Powdered Ni in out-gassed 0.1, 0.01 and 
0.001M NiSO, (25°C) 


After the nickel cooled under vacuum, direct contact 
with air was prevented by a liquid seal of out- 
gassed nickel sulfate solution of the desired compo- 
sition, which was transferred into the evacuated 
chamber containing the nickel powder through an 
evacuated tee-joint. The solutions employed were 
made from recrystallized reagent grade NiSO,-6H.O 
dissolved in distilled water. The electrodes consisted 
of the powdered nickel lying on the bottom of vertical 
2 cm Pyrex glass tubes 17 cm long, with a fine 
platinum wire sealed through the bottom and with 
mercury-filled sidearms (Fig. 1). A connecting tube 
of 8 mm Pyrex glass tubing was curved downward 
and connected the two electrodes with a 200 ml 
reservoir of electrolyte fitted with a two-way stop- 
cock for out-gassing the solution by evacuation. 
One of the electrodes was maintained at 0°C by 
ice in a Dewar flask or at 30° to 100°C in 5° intervals 
by means of an oil bath. Both baths were thermo- 
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TABLE III. Observed thermogalvanic potentials of nickel in 
0.01M NiSO,-6H,O with cold electrode at 30.0°, 35.0°, 
and 40.0°C and copper leads 
(Hot electrode always negative with respect to 
cold electrode) 


Potential difference between electrodes, mv 
Temperature -- 


difference | Calculated by 
| at 30.0 °C at 35.0°C | at 40.0°C 30-35° | 35-40° 
00°C | 0.0 | 0.0 0.0 | 4.4 
5.0 | 04.5 | 08.4 | 04.7 | 4.4 | 3.8 
10.0 | 08.8 | 08.5 | O88 [4.5 | 4.2 
15.0 | 12.0. 1.1 138.9 | 4.4 
20.0 16.9 | 17.5 17.0 | 4.0 | 5.0 
5.0 | 21.5 22.0 21.5 |3.8 | 4.5 
30.0 | 25.8 2.0 | 2.8 | 3.9 | 4.9 
35.0 | 20.9 | 30.7 | 306 | 3.8 | 4.4 
40.0 | 34.5 35.0 | 35.1 | 4.3 | 4.4 
45.0 | 30.3 | 305 | 40.0 | 4.3 | 4.6 
50.0 43.8 44.6 44.8 (4.0 4.4 
55.0 48.6 49.2 | 49.4 | 4.1 | 4.4 
60.0 53.3 53.8 54.4 | 4.3 
65.0 58.1 
70.0 63.2 


Average .| 4.14 | 4.45 
Standard deviation .| 0.25 | 0.25 
Average, corrected to nickel leads . . 4.25 | 4.56 


Cold electrode Hot electrode 
temperature temperature 
0.0001 M 

0.0° 30.0° 0.0092 v 
30.0 30.0 0.0000 
30.0 35.0 
30.0 40.0 
30.0 45.0 — 
30.0 50.0 0.0124 
30.0 55.0 0.0156 
30.0 60.0 0.0187 
30.0 65.0 0.0238 
30.0 70.0 0.0279 
30.0 75.0 0.0310 
30.0 80.0 0.0346 
30.0 85.0 0.0377 
30.0 90.0 0.0413 
30.0 95.0 0.0460 
30.0 100.0 0.0511 


stated to within 0.1°C of the desired temperature by 
means of electric stirrers and mercury-toluene regu- 
lators controlling immersion heaters. Calibrated 
thermometers graduated in 0.1°C were used to meas- 
ure the electrode temperatures. The potential dif- 
ference between the hot and cold electrodes was 
measured with a Leeds and Northrup student-type 
potentiometer and a Fisher type F reflecting galva- 
nometer. 
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The numerical values obtained are given in Table 
III, IV, and V. Table III shows that for the 0.0 


TABLE IV. Observed thermogalvanic potential differences in nickel sulfate solution after correction for 
thermocouple effect of copper leads 


Molarity of nickel sulfate electrolyte 


0.001 M 


0.0132 v 
0.0000 
0.0036 
0.0072 
0.0113 
0.0154 
0.0196 
0.0238 
0.0281 
0.0320 
0.0368 
0.0411 
0.0457 
0.0503 
0.0550 
0.0596 


molar electrolyte the effect of varying the electrode 
temperature up to 10°C, while maintaining the tem- 
perature difference constant, is very slight. The 
maximum deviation for a ten-degree change in elec- 
trode temperature was 1.1 mv for a temperature 
difference of 60°C. Table IV lists the results for 4 
cold electrode temperature of 30°C and electrolyte 
concentrations of 0.0001 to 1.0M. In Table V the 
potential of a nickel electrode compared to that of 8 


The experimental procedure consisted 
lowing steps: 

1. The thermogalvanic cell was filled. 

2. The cell was allowed to equilibrate 
temperature for three to seven days. 

3. The unsymmetrical temperature hump test w.: 
carried out with the two electrodes maintained 
the same temperature (29, 1). 

4. The emf was measured with one elecirode 4; 
0.0°C and the other at 30.0°C, until thermal eqyj. 
librium had been reached at the electrodes and 
reproducible potential differences were obtained. 

5. The emf was measured with one electrode 4 
30.0°C and the other electrode at 5° intervals from 
30° up to 100°C until reproducible potential dij. 
ferences were obtained at each interval; in addition, 
this was repeated with the cold electrode at 35 
and at 40° with the 0.01M electrolyte. 

6. The potential difference at room temperature 
between the nickel electrodes and a saturated calomel 
electrode was measured. 


it room 


at 


EXPERIMENTAL RESULTS 


0.01 M 0.1 M 1.0 M 
0.0155 v 0.0211 v 0.0252 v 
0.0000 0.0000 0.0000 
0.0046 0.0045 0.0044 
0.0090. 0.0090 0.0090 
0.0133 0.0136 0.0135 
0.0173 0.0183 0.0182 
0.0221 0.0231 0.0227 
0.0265 0.0277 0.0274 
0.0307 0.0323 0.0319 
0.0354 0.0372 0.0367 
0.0403 0.0420 0.0411 
0.0449 0.0466 0.0461 
0.0498 0.0514 0.0511 
0.0546 0.0564 0.0560 
0.0596 0.0615 0.0609 
0.0648 0.0668 0.0660 
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aturated calomel electrode at 30°C is given, as 
;omputed from Tabe IV and the potentials in Table 
\] observed vs. a calomel electrode near 30°C. In 
table V the expected potentials against a normal 
hydrogen electrode at 30°C are also listed, based on 
the generally accepted value of +0.2424 volt for 
the potential at 30°C of the saturated calomel vs. 
‘he normal hydrogen electrode. 

For the 0.0001M solution it was not possible to 
obtain reproducible potential differences when the 
temperature difference between the electrodes was 
ess than 20°C. Since copper wire leads were used to 
ihe mercury sidearms, the observed potential dif- 
ferences were all corrected for the effects of the 
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resulting copper-nickel thermocouple before entering 
in Tables IV and V. This correction amounted to 
— 2.24 mv per 100°C (55), directed toward increasing 
the absolute value of the observed potentials. These 
baths were well stirred, so that no temperature 
differential is believed to have existed across the 
mercury column. 

The potential difference between the hot and the 
cold electrode was substantially a linear function of 
the temperature difference, as seen in Fig. 2. For the 
more dilute electrolytes there was a slight deviation 
from linearity at 55° to 65°C, for which no explana- 
tion is apparent. In addition, on extrapolation the 
curves increasingly miss the origin the more dilute the 


TABLE V. Potential of the nickel electrode in neutral nickel sulfate solution at various temperatures vs. 
the normal hydrogen and the saturated calomel electrodes at 30°C 
(Volts) 


100.0 


POTENTIAL DIFFERENT 


10 20 30 40 50 60 70 80 90 100 
TEMPERATURE DIFFERENCE BETWEEN ELECTRODES, °C 


Fic. 2. Thermogalvanic potential of a nickel electrode 
tO0°C with respect to a warmer one vs. temperature 
liferenee and molarity of neutral NiSO, electrolyte (cal- 
culated from Table IV). 


-032 
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-040 
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© 10 20 30 40 50 60 
TEMPERATURE, °C 


70 80 90 100 


Fig. 3. Potential of the nickel electrode with respect to 
the normal hydrogen electrode at 30°C vs. temperature and 
concentration of the NiSO, electrolyte. 


electrolyte. The average slope of the intermediate 
portions of the curves of Fig. 2 is approximately 
0.89 mv per °C. The. potentials vs. the normal 


| aie | 0.0001 M | 0.001 M 0.01 M | 0.1 M 1.0 M ae 
0.0 || —.342 | —.585 | —.320 | —.562 | —.204 | —.537 | —.268 | -.511 | —.237 | —.479 
30.0 | —.351 | — .504 —.333 | —.575 | —.310 | —.553 | —.280 | —.532 | —.262 | —.504 ; ‘ 
35.0 — | —.337 | —.579 | — .315 — .558 — .294 | —.537 | —.266 — .508 Si 
‘able 40.0 | — | =.840 | —.682 | -.319 | —.662 | —.208 | —.641 | —.271 | —.513 
0.01 60 | — | — | —.344 | —.586 | —.323 | —.566 | —.303 | —.546 | —.276 | —.518 : 
50.0 | —.363 | —.606 | —.348 | —.500 | —.327 | —.570 | —.307 | —.550 | —.280 | —.522 
55.0 | —.367 | —.610 | —.353 | —.505 | —.332 | —.575 | —.312 | —.555 | —.285 | —.527 a 
60.0 | —.370 | —.613 | >.357 | —.509 | —.337 | —.580 | —.317 | —.560 | —.289 | —.531 
6.0 | —.375 | —.618 | —.361 | —.603 | —.341 | | | | -.204 | —.596 
70.0 | —.379\| —.622 | —.365 | —-607 —.345 —.588 | —.326 | —.569 | —.299 | —.541 
75.0 —.382 | —.625 | —.370 | —.612 | —.350 | — .593 | —.331 | —.574 | —.903 | —.545 oh; 
80.0 —.386  —.629 | —.374 | —.616 | —.355 | | —.336 | —.579 | —.308 | —.550 
85.0 —.389 | —.632 | —.379 | —.621 | —.360 | —.603 | —.340 | —.583 | —.313 | —.555 ee 
y 90.0 —.392 | —.685 | —.383 | —.625 | —.365 | —.608 | —.345 | —.588 | —.318 | —.560 2 
95.0 —.397 | ~.640 | —.388 | —.630 | —.370 | —.613 | —.351 | —.594 | —.323 | —.565 
—.402 | =.645 | —.303 | —.635 | —.375 | —.618 | —.356 | —.509 | —.328 | —.570 
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Fig. 4. Potential of the nickel electrode with respect to 
the normal hydrogen electrode at 30°C vs. the logarithm 
of the molarity. 


NiSO, Molarity, M 0.0001 
Temperature, t, °C 30.2 
Observed emf vs. satd. calomel, mv — 593.5 


dE,;/dt, mv/°C —0).42 

dE ‘dt, mv/°C +0. 20 

emf vs. satd. calomel at 25°C, mv — 590.4 
—344.6 


emf vs. N Hydrogen at 25°C, mv 


Mean activity coefficient, 7 
E at 25°C, v 


Mean activity coefficient, + 
E at 25°C, v 


Mean activity coefficient, + 0.911 
E at 25°C, v —0.2250 


* Reference (56), p. 236. 
** RoBINSON AND Harnep, Chem. Revs., 28, 419 (1941). 
t Reference (56), p. 146. 


hydrogen electrode are plotted against temperature 
in Fig. 3, and cross-plotted against the logarithm of 
the concentration in Fig. 4 for comparison and 
interpolation. 


Reversibility of Open-Circuit Potentials 


Three steps were outlined by Buffington (29) to 
determine in specific cases whether or not thermal 
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TABLE VI. Calculation of standard nickel electrode potential, E, at 25°C 
from isothermal emf vs. saturated calomel 


Based on activity coefficient of ZnSO, at 25°C:* 


Based on activity coefficient of NiSO, at 25°C:** 


Based on Debye-Hickel Limiting 


0.001 0.01 0.1 1.0 
30.1 29.9 29.5 31.6 
—575.2 — 553.0 —§32.2 — 506.4 
—0.56 —0.70 —0.80 —().88 
+0.20 +0.20 +0.20 +0.20 
— 571.3 — 548.6 — 527.7 — 499.2 
9 — 253.4 


— 325.5 


Decei) der 1939 | 


galvanic potentials were reversible. The | pst 


Step 
was to identify the electrode reactions and ‘0 proy, 
that high and low temperature reactions \ere {}, 


reverse of each other as revealed by the electro, 
chemical equivalent of the metal plated oui during 
short-circuiting, particularly as determined 
plating tests with a coulometer. Short-circuiting 
an earlier type of cell used in this study resulted jy 
pitting of the hot electrode, but the cells containing 
purified nickel powder were not short-circuited }e. 
cause of the problem of observing any transfer of 
metal and the danger of polarization of the eles. 
trodes. The second step was to test whether the 
electrodes operated reversibly, as shown by iso. 
thermal tests after preliminary equilibration of the 
cell. The isothermal potential should be less thay 
several tenths of a millivolt. If a change in potentia| 
of 0.1 millivolt was sufficient to reverse the direction) 
of the galvanometer deflection—and therefore the 
direction of the current in the cell—the reversibility 
of the electrode reactions was deemed to be estal 
lished. All the types of cells examined prior to thos 


— 302.8 — 281. 


0.734 0.387 0.148 0.044 
—(). 2328 —0.2315 —(.2278 —0.2133 


0.150 0.0425 
—0.2280 —0.215! 


Law:t 


0.756 0.458 0.1625 0.0440 
—0 —0. 2337 —0.229 —0 2133 


containing powdered nickel failed to pass the iso- 
thermal! test at room temperature and were conse- 
quently rejected, whereas cells containing powdered 
nickel were satisfactory. The third step was to test 
the reversibility of the electrolytic conduetion by 
setting up an unsymmetrical temperature hump in 
portion of the electrolytic path with the electrodes a! 
the same temperature and watching for deflection 0! 
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the galvanometer. This test was also applied with 
the electrodes at widely differing temperatures and 
the potentiometer balanced, and no galvanometer 
deflections were detected. However, the test is most 
accurate with the electrodes at the same temperature. 


Standard Electrode Potential of Nickel 


The standard electrode potential of nickel on the 
yormal hydrogen scale is the potential of a nickel 
electrode in an electrolyte of unit nickel ion activity 
vith respect to a 1N hydrogen electrode, without 
liquid junction potentials. It can be obtained most 
accurately from a cell without a liquid junction, such 
as the cell Ni/ NiSO.(M)/Hg.S0O,/ Hg used by Haring 
and Vanden Bosche (50), by correcting the observed 
potential by the term (RT/F)In(yM), where the 
activity coefficient y is the mean activity coefficient 
of the Ni and SO, ions (56). 

However, approximate values of the standard elec- 
trode potential can also be calculated from a cell 
with a liquid junction, such as the Ni-HgCl ceil 
employed in this study. The junction potential must 
be neglected (or estimated) and the observed po- 
tential corrected by the term (RT/nF)In(y.¥), 
where y, is the activity coefficient of the Ni ions 
alone. Such a calculation has been outlined in Table 
\I. Rather good agreement is observed between the 
).001.M and 0.01M electrolytes. At the higher con- 
centrations more error is probably introduced by 
neglect of the liquid junction and by assuming that 
the activity of the nickel and sulfate ions is the 
same. The lowest concentration is possibly in error 
for other reasons, as previously suggested. The final 
average value of the standard potential of nickel 
would seem to be about —0.232 volts, in excellent 
agreement with Haring and Vanden Bosche’s value 
of —0.231 volt. 


AccuRACY OF DATA 


The observed potential differences between the 
hot and cold nickel electrodes were rounded off to 
the nearest tenth of a millivolt and are all believed 
to be accurate to within 0.5 millivolt, with the 
exception of the 0.0001.M nickel sulfate cell, for 
which they are believed accurate to within 1 milli- 
volt. A quantitative estimate of the reliability of the 
thermogalvanie potentials may be obtained from the 
data in Table III. The difference between a value in 
the first column and the preceding one in the second 
column should be the thermogalvanic potential for 
a hot electrode at 35°C and a cold one at 30°C. The 
13 such values are shown in Table III, and give a 
mean of 4.14 mv with a standard deviation of 0.25 
my. Similarly, from the second and third columns 
the cell with electrodes at 40° and 35°C has a mean 
of 445 my, again with a standard deviation of 
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0.25 mv. Since each of these voltages is in fact the 
difference between the observed voltages of two 
complete cells, the standard deviation of 0.25 mv is 
the standard deviation of the difference between two 
quantities having, presumably, the same standard 
deviation. The standard deviation of each thermo- 
galvanic potential is thus only 0.707 x 0.25 = 0.18 
mv. 
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Ion Association of 2-1 Salts in Methanol’ 


F. Muriet Sacks aNp Raymonp M. Fvoss 


Sterling Chemistry Laboratory, Yale University, New Haven, Connecticut 


ABSTRACT 


Conductance curves for many 2-1 salts in methanol (and other solvents of inter- 
mediate dielectric constant) approximate linearity over a fairly wide range of concen- 
tration. This linear region is an inflection range, produced by a combination of 
decreasing mobility (ci terms) and decreasing number of free ions (c terms) with increas- 
ing concentration. It may, therefore, not be used for extrapolation to Ao. Assuming 


stepwise association: (a), A’ + B** 


— AB*; (6), AB* + A’ = BAs, a method of succes- 


sive approximations is derived by which Ao, k, and k, can be calculated from conductance 


data. 


INTRODUCTION 


Conductance curves for typical 2-1 salts in water 

|) at low concentrations approach the slope pre- 
licted by the Debye-Hiickel-Onsager theory; the 
leviations, Which can be summarized by terms in 

and ¢ log ec, presumably arise from mathematical 
pproximations made in the derivation. In solvents 
i lower dielectric constant, a deceptive approach 
w linearity of the A — c! curves is observed. The 
Jope of the apparently linear section of the curve 
s, however, considerably larger than the theoretical 
alue; nevertheless, some authors have extrapolated 

nearly along this region of the curve in the hope 
ij obtaining Ao. One author has gone to the extreme 
{ caleulating “effective dielectric constants” from 
these slopes. Now it is known that 1-1 salts exhibit 
u inflection region in solvents of low dielectric 
onstant, due to ion association (2); it, therefore, 
vems worth while to consider the 2-1 case from 
this point of view. 

When the two charges of the cation are near the 
‘erminal atoms of a chain, the electrolyte shows asso- 
jation of anion to one end of the cation in methanol 
3,4). This result suggests that the initial associa- 
ion in the case of cations such as Mgt*, where both 
harges are concentrated on one atom, would be 


Mg** + Cl’ = (MgCl)*. 


\s concentration is further increased, the positive 
MgCl* complex might then combine with an addi- 
ional anion to give the neutral Cl’-Mgt+-Cl’ clus- 
er, because 1-1 salts are known to associate in 
methanol. In other words, at very low concentra- 
ions, the electrolyte would behave as a normal 
| salt, and at intermediate concentrations as a 


‘Manuseript received May 19, 1952. This paper pre- 
pared for delivery before the Philadelphia Meeting, May 4 
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mixture of 1-1 and 2-1 salts. These equilibria, to- 
gether with the usual c} mobility terms, would lead 
to an inflection point in the A — ¢! curve, which 
would produce a range in which the curve was 
nearly linear (where it was changing from con- 
cave-up to concave-down); it is this pseudo-linear 
region which has erroneously been used for extrapola- 
tion. 

The purpose of this paper is to present a method 
of analyzing conductance data for 2-1 salts, on the 
assumption that the equilibria? 


ABt + A’ =A,B 
A’ + BY = ABt 


(I) 
(II) 


control the properties. Briefly described, the method 
is a cycle of successive approximations, which leads 
to values of Ao and of k; and ky, the constants de- 
scribing the associations (1) and (II). It should be 
emphasized that the symbols AB*+ and BAz repre- 
sent structures in which the ions B+? and A’ retain 
their identities as ions; the clusters are assumed to 
be stabilized against thermal impact solely by elec- 
trostatic attraction. The situation in which covalent 
bonds are involved requires a different approach 
(5-7). 
Mernop 


If we assume association equilibria (1) and (II), 
three conducting species A’, B*+, and AB* are pres- 
ent in the solution. The equivalent conductance A, 
defined as 1000 «/c, where « is specific conductance 
and ¢ is stoichiometric concentration (equivalents 
per liter), is, therefore, the sum of three terms: 


A= + + (III) 


* The equations are deliberately written in the reverse 
of the conventional direction in order to emphasize the 
fact that the primary step is association of ions rather than 
dissociation of molecules. The writers prefer therefore to 
call the k’s “reciprocal association constants”? instead of 
“dissociation constants.” 
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where the \’s are the single ion conductances and 
the y’s represent the fractions of salt present in the 
various species: 


cy: = [Bt*], Che: [AB*]. (IV) 


Here, bracketed quantities refer to moles per liter 
of the corresponding species; in the limit of zero 
concentration, y; = 1, ye = % and y; = 0. The 
condition of electrical neutrality requires that at 
all concentrations 


= [A’], 


v1 = + (V) 


The formal mass action equations for equilibria (1) 
and (II) are 


ky = 
and 
ky = 
In terms of the y’s, these become 
ky = 2eyryafi/(l — v1 — (VI) 


and 


= en(y (VII) 
where we have set fan = fa = fi, fp = fo and 
fasn = 1, used the neutrality condition (V) to 


eliminate yz and used the equation 
Total [A’] = = 2[A,B] + 2[B**] + 2[AB*] 
to evaluate the concentration of neutral clusters: 
[A,B] = c(1 — 2y2 — 2y3)/2. (VIII) 
The individual \’s of (III) are of the form 

hj = — AA; (IX) 
where \°; is the limiting equivalent conductance of 
the j-th species, and AX; is a complicated function 
(8) of the individual ion concentrations and mobil- 
ities. 


Equations (III), (VI), and (VII) can be written 
symbolically as 


Fi(e, Yi 3) ky (VI’) 
Fi(c, 11, ¥3) = ke (VII’) 
A = Ae o(c, 3). (IIT’) 


In principle, our procedure is now simple: we should 
solve (VI) and (VII) for y; and y; in terms of c, ky, 
and k, and substitute the result in (III), obtaining 


A = Ao — ki, ke). (I1I”) 


Then by substituting conductances at three con- 
centrations in (III”), we would obtain three equa- 
tions, the solution of which would give us the desired 
constants Ao, k,, and k, which describe the system. 
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Practically, however, this direct attack APP ars hope. 
less: the f’s are transcendental functions «| the v's 
and the Ad’s bring in awkward radicals sid eros. 
products; even without these difficulties, combina. 
tion of (VI) and (VII) leads immediately cubic 
which would be tedious to solve. We must, there. 
fore, proceed in quite a different fashion. 

For the case of bolaform electrolytes (3, 4), wher 
the charges are separated by a number of neutry| 
atoms, the problem was solved by assuming in firs 
approximation that the concentration of neutral BA, 
clusters was negligible at low concentrations, This 
assumption is equivalent to setting k; = x, and 
reduces the problem to the fairly simple one of de. 
termining two constants, Ao and ke, from the data. 
When the two charges are concentrated on one atom. 


100 


|} | 


80 — 


40 


2 10*z 4 6 8 10 


Fic. 1. Y-curve: test of assumption that k; = «. 7 
curve: test of equation (X XIX). 


as in the alkaline earths, this simplifying assump- 
tion can no longer be made. The open circles of Fig 
1 show the result of applying Fuoss and Edelson’ 
method to data for magnesium chloride (9) in meth- 
anol at 20°. (The variable Y is proportional to th 
x of Ref. 3.) The curve is useless for estimating |, 
although it does give a fairly good value for A). 
The absurd negative values for Y suggest the method 
of improving the calculation: they appear because 
too large a term was subtracted in Y, and the nega- 
tive term in Y is a direct consequence of the approx- 
mation [BA.| = 0. We, therefore, drop this approx- 
mation and approach the problem from a differen! 
point of view. 

If two charges are present on one atom, the local 
field must be quite intense; we, therefore, assume 
that the cluster AB* is stable in methanol and, to 
first approximation, treat the salt as if it were a 1-! 
electrolyte (AB*+) (A’). By using familiar method: 
(2), we calculate K from the data in the intermedial 
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range of concentrations, and as our starting approxi- 
mation, set K = ky. Then with a numerical value 
for ki, we can combine equations (III), (VI), and 
VII) in such a way that a suitable extrapolation 
function for Ao and kz is obtained ; it is the Fuoss and 
Edelson function, adapted to the more general case. 
it should perhaps be mentioned that equilibrium 
II) must be the one which controls the approach to 
- = 0, regardless of the simulation of 1-1 behavior 
in the higher ranges of concentration.) The values 
of ky, kz, and Ao so obtained are all first approxima- 
tions, of course; it is obviously possible to feed ke 
and A» back into the equation for k; to get a second 
approximation for k,, and then to use this value to 
obtain an improved value of Ao and ky. We have, 
however, found that one cycle gives a very good 
value of Ao. 


CALCULATIONS 


The details of the method are best explained by 
means of a specific example. Before proceeding to 
this, 1t will be convenient to collect the coefficieréis 
needed to calculate the terms which arise from long 
range interaction of ions. These can best be given 
in terms of the ional concentration, which here is 
explicitly 


= + 4y2 + = cn — ys). (X) 


As the calculation proceeds, successively better ap- 
proximations will be used for I, beginning with 
the very rough estimate T = 2cA/ Apo. 

For the activity coefficients, we shall use the lead- 
ing term (10) of the Debye-Hiickel equation 


— log f; = 1.283 & (XT) 


where z; is the valence of the corresponding ion.’ 
In caleulating the mobility corrections, we shall 
neglect cross-product terms (8) and treat the mix- 
ture as if conductances were additive in mixed salts. 
For a qualitative estimate of this approximation, 
see Fig. 4 and 5 of Ref. 8.) The single ion mobility 
correction in (LX) is then 


A\; = (XIT) 
where (11) 
X 10° =, | | 2° 
(DT)! 1+Vq 
28.98 | z; | (XII) 


n 


Here g* is 0.5 for a 1-1 salt (i.e., in the range where 
AsB acts like AB*+ and A’) and for a 2-1 salt (i.e., 


*In order to avoid confusion, we point out here that 
Harned and Owen use c; to represent moles per liter of the 
th component, while our symbol ¢ represents equivalents 
per liter of the monovalent constituent. 
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at low concentrations where A.B acts like 2A’ and 
Bt+) 


q* = 2/3(1 + A%s/Ao). (XIV) 
It is convenient to write (XII) in the form 
Adj = (XV) 


where 7 = 1, 2, or 3, according to the convention 
of indices defined in (IV); we shall use the symbols 
52 and 6; to mean (6; + 62) and (6; + 43), respec- 
tively. Thus, for example, at very low concentra- 
tions, the limiting law takes the form 


A = Ao(1 — (XVI) 


In order to make later equations more compact, we 
shall use the further abbreviations 


Dy = 1/Hy. (XVII) 


The calculation begins with an apparent obstacle: 
the purpose of the calculation is to obtain Ao (and 
the k’s), but in order to begin the solution, we need 
a numerical value of Ao in order to estimate the 
activity and mobility terms. This difficulty is re- 
moved when we recall that these terms are essen- 
tially correction terms, whose (multiplicative) value 
approaches unity as the concentration approaches 
zero. Hence a rough approximation to Apo (e.g., a 
free hand extrapolation of the A — c! curve) may be 
used in the first step; after this, the calculation 
itself provides successively better values for Ao. 

Another not quite trivial complication must be 
removed by approximation in order to begin the 
calculation. If we substitute (IX) in (III), algebraic 
chaos results, even with neglect of those cross terms 
which are due to failure of Kohlrausch’s law of 
additive conductance in mixed electrolytes (12). As 
an initial approximation (which can be corrected in 
subsequent steps), we shall write the combination 
of (ITI), (LX), and (XV) in the form 


A = + + yar%s)(L — (XVIII) 


i.e., apply to all ions the correction for a 2-1 electro- 
lyte, and justify the factorization by the realization 
that ys; approaches zero as concentration decreases. 
Using the neutrality condition and the abbreviation 
(XVII), we then have 


HyA = — (XIX) 


where 


Ao = + (XX) 


APPLICATIONS 


Let us now consider a specific example: magnesium 
chloride in methanol (9) at 20°, where the dielectric 
constant (13) is 32.35 and the viscosity (14) 


| 
= 
| { 
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n = 0.00593. Using Hartley’s value (15) for the 
conductance of the chloride ion in methanol at 
25°, we have \, (25°) = 51.3. For temperature 


With this, we compute f, by (11), and vet g fires 
approximation to f,? for use in calculating \” py the 
obvious relation Vf, = f,’. 


changes, it probably is safe to use Walden’s rule, 
whence \°,(20°) = 47.3, using Maclay’s (16) value 
of 0.00546 for the viscosity at 25°. For \°s;, the con- 


we use Ag = 98; i.e., a value somewhat smaller than 
the 101.6 obtained by linear extrapolation of the 
inflection region. Then \°, = 50.7 and 6, = 2.69. We 
rearrange the conductance equation (XVIII) after 
substitution of (V) as follows: 


= + P)/(Ao + P) (XXIV) 
where 
P = (A. — X°%3)/(1 + A). (XXV) 


In (XXV), we use the zeroth approximation for A 
and in (XXIV), set Hy» equal to 1/(1 — 2.69 VT), 
The values of y,; so obtained are tabulated as ¥, , 
the first approximation to y;. These values are re- 
turned to (XXII) to give first A’ and then y;, 
where the zeroth approximation for f;? is still used, 
and we now have a good first approximation to 


I’ = c(3y; — 73). (XXVI) 


Next, we rearrange (VII) as follows: 


A’ = Ag — (Ao/2ks)Z (XXVII 


approach linearity at small values of ¢ and should 
extrapolate to a satisfactory value of Ay. The slope 
near Z = 0 will give a preliminary value of hy. 
The Z-curve (solid circles) of Fig. 1 is a plot ot 
(XXVIII) for magnesium chloride in methanol at 
20°. The parabolic loop of the Y curve for the same 
data has been pulled out to almost linear form by 
the new extrapolation function which, it will be re- 
called, is based on the hypothesis that the four 
species MgCl, MgCl*, Cl’ and Mg** coexist over 
the range calculated. The tip of the parabola sur- 
vives as an S in the curve near Z = 3 x 10, anda 
positive departure from linear approximation ap- 
pears beyond Z = 5 x 10-*. Tinkering with the 
constants and recycling would, in our opinion, 
straighten the S; the flattening at high Z-values is 
probably due to the onset of higher association, 
such as (MgCl;)’. It should also be borne in mind 
that only the leading term was used for activity 


ductance of the (MgCl)* ion, we shall use the ap- where 
roximation \°,; = \°;, which is an upper limit for \°s. 
Changing the value of \°; does not affect Ag or ke 
very much, but k; is sensitive to \°. and 
For MgCl considered as (MgCl) (Cl), Ap = 
46. This oj Z = — 1 A”). (XXIxX 
+ = 94.6. This gives 51; = 0.624 + 100.4/ Ao. — 1+ nA"). 
We next calculate z = avV/cA/Ap! where a = 6)3./2. In this form, errors in the choice of the initial yalye k's 
Using the tabulated (17) F-function, we obtain y; of Ao can no longer cause a singularity at ¢ = 0 and tu 
since we are neglecting y. here, y = y: = ys, and the errors in y; affect Z multiplicatively. Since 7 tic 
4 bis vanishes at c = 0, a plot of A’ against Z xs 
ky = eyf?/(1 — 7). (XXI) I ) agains should 
P 1.0 th 
The extrapolation plot is constructed in the usual 
way (2); the points in the concentration range mo W 
3x to 2 x 10-* show some curvature, but can be tu 
approximated by a straight line, whose slope (using x - 
Ao = 94.6) gives the preliminary value ee 
ky = 3.6 x 06 
Now if we solve (VI) for y;, we have A 
| vs = (1 — + 0.4 
| = (1 —y)/(1+ A). (XXID) 4. 
| As a starting approximation for A, we set y; equal 0.2 Ww 
to A/Ao and [ = to calculate f by (X). Mc 
Using the corresponding value of A, we get a zeroth McC, tl 
approximation for T: 0.0 . 
0.0 OS 493 10 iS 
0 3A 1 A ‘Ao ‘wo ati “te rari 
r=c (XXIII) Fic. 2. Relative concentrations (cy;, ete.) of various g 
Ao 1 + A° species present in magnesium chloride-methanol solutions ¢ 
In order to obtain the mobility correction (XVII), : h 
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coeffi cuts, and that mobility terms were approxi- 
mated by Dy (in other words, a blanket 1-2 cor- 
rection. Was made for a mixture of 1-1 and 1-2 elec- 
trolyte). Considering these approximations, and the 
assumptions that K = and = the approach 
of the AY — Z curve to linearity is satisfactory. 
From it, we obtain Ag = 97.5 and ky = 5 x 10™. 

The value of Ap is probably reliable, because it is 
obtained as the result of a short extrapolation of a 
theoretically linear function, and we recall that the 
approximation errors in it reduce to zero as ¢ ap- 
proaches zero. But it must be emphasized that the 
i’s are at best established only to order of magni- 
tude: they contain all the errors of the approxima- 
tions made in using only leading terms for long range 
effects and, furthermore, they are obtained from 
the slopes of linear approximations to curves. 

Fig. 2 summarizes the various equilibria present. 
We calculated y; to second approximation by re- 
turning Ago = 97.5 to (24) and calculated y; in sec- 
ond approximation from the equation 


vs = + 2ke/efeys) 


where we used ky = 4.9 x 10-*; (the result of the 
\’ — Z extrapolation). The resulting values were 
used to recompute k; explicitly by (VI): the values 
scattered between 3 and 5 x 10™, averaging to 
4.0 x 10-* as second approximation to ,;. Then 
using (V) and (VIII), the relative concentrations of 
Mgt* and MgCl, were computed. It will be noted 
that Cl’ and Mg** begin to disappear quite rapidly 
as concentration increases from zero, as might be 
expected with constants of the order of 10~*. As sug- 
gested in the introduction, MgCl* is the first asso- 
ciated species to form; unlike the bolaform electro- 
lytes, however, the neutral MgCl cluster also 
appears in significant amounts, even at fairly low con- 
centrations. Already at 10-* normal, about half 
(55%) of the total chloride is electrostatically bound, 
and the free magnesium ion concentration has 
dropped to 40 per cent. With increasing concentra- 
tion the relative concentrations of MgCl, and MgCl* 
continue to increase, the chloride ions vanishing 
first into MgCl* ions, and then these in turn going to 


(XXX) 
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neutral MgCl, clusters with more chloride ions. In 
Fig. 1, it was seen that marked deviations from ap- 
proximate linearity set in at about 10-*N. It has 
been shown (18) that a critical concentration 


= 3.2 x 10-7D (XXX1) 


exists for 1-1 electrolytes beyond which higher asso- 
ciation than pairwise must be considered; for meth- 
anol, this is about 0.01N. The numerical coefficient 
in (XXX1I) contains the cube of the valence product 
(2:22); for a 2-1 salt in methanol, therefore, “> would 
theoretically expect equilibria of higher order than 
those described by k; and kz to begin to be significant 
at the order of one eighth of the 1-1 critical concen- 
tration, and indeed, this is precisely where our ap- 
proximate treatment ceases to be satisfactory. 
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Hydrogen Overvoltage on Bright Platinum’ 


SIGMUND SCHULDINER 
Naval Research Laboratory, Washington, D. C. 


ABSTRACT 


A technique was used which allowed the confirmation of surface cleanliness of bright 
platinum electrodes during overvoltage measurements. 


As the current density was increased, three consecutive » vs. i relationships were 
observed, 


n=a,+ bhi (1) 


a, — (0.026 + .003) log 7 (11) 


n 


7 = as — (0.105 + .015) log 7. (IIT) 


The current density at which the transition from (II) to (II]) occurred was dependent 
on the rate at which hydrogen ion diffused into the double layer. The mechanism of 
hydrogen overvoltage on platinum is discussed in view of these results. The true area 
of the platinum electrode was determined from double-layer capacity measurements. 


INTRODUCTION ‘ause of the pseudocapacity caused by the reversible 
Several investigators (1 -§) have shown the im- hydrogen reduction at the platinum surface. It Was 
portance of surface activation or cleanliness and also noted that when impurities, even in very minute 


solution purity for electrochemical investigations on amounts, were on the platinum surface there was 
platinum electrodes. definite polarization decay during the same inter. 
The reversible hydrogen potential at a platinum ruption interval which was displayed as a rounding 
electrode requires that both the forward and reverse off of the leading edge of the time-potential trace 
| reactions of the over-all process 2H+ + 2e = H, (Fig. lb-le). The initial rapid change in potential 
take place. Grahame (7) showed that when the re- shown on these traces was caused by the JR drop 
duction of an ion occurs reversibly at an electrode from the reference electrode to the cathode interface. 
surface the differential capacity of the electrode is This potential change was used to correct the over- 
enormously increased. He called this effect the “‘pseu- voltage measurements for the /R drop (8). These 
docapacity.”’ A pseudocapacity would, therefore, be time-potential traces were therefore used during over- 
expected for a platinum electrode in the vicinity of voltage measurements for the double purpose of con- 
the reversible hydrogen potential. Ershler, Proskur- firming surface cleanliness and correcting the series 

| nin, and Dolin (5) have shown that such a pseudo- resistance error. 

' capacity exists for a clean, smooth platinum electrode The impurity plated out on the platinum cathode 
in purified acid solutions. They found, by low fre- shown in Fig. le was removed by prepolarizing 
quency bridge measurements, that high differential the solution overnight. This demonstrated the effec- 
capacities were obtained in the potential range from tiveness of the technique used in the removal oi 
0.0 to 0.25 volt anodic to the reversible hydrogen trace impurities. 


potential. It is also expected that this pseudocapac- 


ity would be found on cathodic polarization. The 


present investigation has shown that such a pseudo- The electrolytic cell construction (Fig. 2), solution 

capacity is present on cathodic polarization for an purification, prepolarization, and hydrogen purifica- 

overvoltage range of at least —0.1 volt from the re- tion procedures generally followed the techniques 

versible hydrogen potential. and requirements designated by Bockris (9) for over- 

By using a current interrupter technique devel- voltage work. The prepolarization cathode was @ 

oped by Schuldiner and White (8) it was found that mercury pool connected to the main cell through 4 

the time-potential trace of a clean platinum electrode stopcock. During overvoltage measurements, the 
showed no measurable polarization decay during a stopcock was closed and the mercury was cathod- 

3000 microsecond interruption (Fig. la). This is be- ically protected by passing a very small curren! 

' Manuscript received April 15, 1952. This paper pre- to it via the platinum wire electrode above it. chs 


pared for delivery before the Philadelphia Meeting, May 4 polarized the mercury to a potential of over 0.0 
to &, 1952. volt. Solution of the mercury or other material 
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picked Up during the prepolarization was thereby 
prevel od. The high overvoltage of mercury made 
ta more efficient cathode for cleaning the solution 
py prepolarization. 

“The platinum cathode consisted of grade A plati- 
num (99.99%) and was in the form of a small sphere 
at the end of a very short length of wire. The ap- 
parent area of the electrode used to obtain the data 
shown in this paper was 0.034 cm? although elec- 
trodes of several other sizes were used in this study. 
The platinum sphere was formed by melting the 
end of a piece of wire. The electrode was sealed off 
by a glass rod which was then suspended in the solu- 
tion. The anode was a platinum wire separated 
from the solution in the main cell by a fine fritted 
glass disk. An opening was left at the top of the tube 


(a) 


CLEAN PLATINUM ELECTRODE =0.060V 
(b) 


(SW ASO, AFTER 3 MIN. 770.080V AFTER 7 MIN. 70.085 
(d) 


AFTER IS MIN. 7)*0.288V AS) 03 AFTER 30 MIN. 10.3331 


Fic. 1. Effeet of As.O, on the time-potential trace of a 
platinum cathode. (0.1N H.SOy; current density; 0.0131 
amp/em?; 3000 microsecond interruption; area of electrode, 
073 em?.) 
holding this electrode to permit the escape of most 
of the oxygen formed at the anode. The platinum 
reference electrode was a wire mesh placed over an 
opening which led to the reference electrode in a 
side arm of the cell. The platinum reference electrode 
was used in the viewing circuit of the interrupter and 
the time-potential trace on the oscilloscope screen 
represented the potential change between the plati- 
num cathode and this reference electrode during 
current interruption. The potential of the cathode 
was determined by means of a glass reference elec- 
trode placed in the side arm. This electrode was fre- 
quently calibrated against a hydrogen electrode in 
the same solution. The series resistance component 
of the overvoltage measurements, which consisted 
of the JR drop from the cathode inter‘ace to the 
point in the solution where the tip of the glass elee- 
trode entered the cell, was corrected for by use of 


the platinum reference electrode both of which were 
essentially in the same position in the electric field 
of the solution. The input impedances of both of 
these measuring circuits were very high so that no 
polarization of the reference electrodes would occur. 
The cathode potential was determined with a Beck- 
man pH meter. The current interrupter and circuit 
connections used were the same as described by 
Schuldiner and White (8), with the exception that 
the maximum interrupter interval was increased to 
3000 microseconds. 

After the cell was charged with solution, the solu- 
tion was boiled in an atmosphere of hydrogen for 
about an hour. The solution was then prepolarized 
at currents from 50 to 100 wa for a period of at least 


Ho 


REFERENCE 
ELECTRODE 


P+ REFERENCE 


Fig. 2. Electrolytic cell for hydrogen overvoltage meas- 
urements. 


24 hours during which it was continuously stirred 
by a stream of purified hydrogen. All openings to 
the cell were sealed by liquid to prevent oxygen or 
other atmospheric contaminants from entering. The 
cell temperature was maintained at 25 + 1°C ina 
constant temperature room. 

Refore overvoltage measurements were made, the 
platinum cathode was cleaned by anodizing it for a 
period of one to five minutes using currents of about 
25 to 50 wa. There was no measurable roughening of 
the surface by this treatment. This was verified by 
both prolonged anodizations and checking against 
the same electrode cleaned with hot nitric acid and 
heated white hot. Butler and Armstrong (2) also 
found that this anodic treatment was not deep- 
seated and that the oxidation of the platinum surface 
did not exceed one atomic layer. The amount of 
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oxygen formed as such or as an oxide of platinum 
did not exceed 2 X 10-7 g equivalents and this was 
largely removed before overvoltage measurements 
were made by opening the circuit and passing a 
stream of hydrogen over the cathode until the re- 
versible hydrogen potential was steadily held. Low 
current measurements were practically always made 
by starting with a moderate current and successively 
decreasing it. This further decreased the probability 
of the effects of oxygen on the overvoltage at low 
currents. However, points were also determined by 
increasing the current density. These gave the same 
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Fia. 3. Hydrogen overvoltage on bright platinum i 
0.1N sulfurie acid solution. 


T  UNSTIARED 


SOLUTION 


-0.06}+— 


(VOLTS) 


-5 
LOG CURRENT DENSITY (A/cm? ) 
Fic. 4. Effect of stirring on hydrogen overvoltage of 
bright platinum in 0.05N sulfuric acid solution. 


values. All overvoltage readings were taken in un- 
stirred solutions, except where designated. In these 
cases the solution was stirred by a steady stream of 
hydrogen. 

Overvoltage readings were taken within a few 
minutes after the polarizing current was applied. 
The cleanliness of the cathode surface was checked 
by means of its time-potential trace and the 7R 
correction was made at the same time. Readings 
were steady as long as the time-potential trace indi- 
cated that no impurities were being picked up by 
the cathode. When this happened the potential read- 
ings became more negative. All potentials given are 
related to the reversible hydrogen electrode in the 
same solution. 
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Experimental Results 


A typical platinum overvoltage curve {vy O.1N 
sulfuric acid solution is shown in Fig. 3. The curren; 
density for this and all the following curves has hee) 
corrected for true surface area. The method Used 
for making this correction is described in an appen- 
dix. 

There are three distinct regions in this curye 
The first, at the lowest current densities, represents 
a linear relationship between overvoltage and curren} 
density. It has also been observed by Hammett (10) 
and Dolin, Ershler, and Frumkin (11). This linearity 
can be attributed to the presence of a significant 
amount of the reverse process H, — 2H+ + 2¢ jy 
this current density range. Butler and Armstrong 
(2) treat the kinetics of the reversible hydrogey 
electrode for smal! currents and derive an expression 
showing this linear relationship between overvoltage 
and current density. 


LOG CURRENT DENSITY 


Fic. 5. Effect of pH and potassium ion on hydrogen 
overvoltage of bright platinum. 


The second part of the overvoltage curve shows « 
Tafel relationship with b = 0.026 + 0.003. Replotting 
Hammett’s (10) data for this region gives a value 
of b = 0.027 for bright activated platinum. Knorr 
(3) and Bockris (12) have also observed the same 
b value for this region. 

The third region in the overvoltage-current den- 
sity relationship shows a sharp transition in the rate 
determining mechanism with a resulting change in 
b to 0.105 + 0.015. 

Fig. 4 represents a typical experiment showing the 
effect of stirring the solution with a stream of hydro- 
gen during overvoltage measurements. In this case 
the effect of concentration polarization is minimized 
which results in a displacement of the overvoltage 
curve to the right with no significant change in the 
shape of the curve. 


PH and Salt E ffects 


The experimental results shown in Fig. 5 show the 
effects of pH and the introduction of potassium ion. 
It can be seen from these curves that there is only 4 
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neglig:vle, if any, pH or salt effect on the b = 0.026 
section of the curve. However, these factors strongly 
influence the point of transition from the mechanism 
represented by the lower to higher b values. 

If it is assumed that the pH effect is equal to 
(RTF) In aq+ and the shift in overvoltage is calcu- 
lated and compared with the experimentally de- 
termined value, the results shown in Table I are 
obtained. The salt effect was calculated using both 
the relation (R7T/F) In ax+ and the expression de- 
rived by deBéthune (13) — (R7'/F) In [1 + (K*)/ 
(H,0*)|. These results are also shown in Table I. 
A comparison of the experimental with calculated 
results shows a good agreement for both pH and salt 
effects. It should be mentioned that small changes 
in the 6 value will cause significant changes in the 
experimentally determined values of Ay, especially 
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(15), using this theory, show the evaluation of » for 
the catalytic mechanism as 


n = (RT/aF) [in Rr 


au 


+ (RT/F)In 


(IV) 
— (RT/aF) \ni, 


Ht 

where, AG} is the free energy of the formation of 
the activated complex in the combination reaction 
between two hydrogen atoms; e is the standard 
electrode potential; ay is the activity of the hydrogen 
atoms/cm? of electrode surface; ay+ is the activity 
of hydrogen ions in the bulk of the solution; and a 
is equal to 2 until the surface is saturated with hydro- 
gen atoms after which a — 0. The pH effect on over- 
voltage is expressed in the term (R7'/F) In (ay/ayq+). 


TABLE L. Comparisons of experimental with calculated changes in overvollage caused by hydrogen ion and potassium ion activities 


Solution 


“Harned and Hamer, J. Am. Chem. Soc., 57, 27 (1935). 


Experimental 
pu k’ } total 

~0.0174 ~0.016' | 0 0.0164 
0.050¢ —0. 1344 —0.0814 —0.0674./ —0.1484/ 
—0.07744 —0.1584.0 
0.050¢ —0.118 --0.064¢ —0.067¢-/ —0.131¢-7 
| —0.077¢ —0.141¢4 


> By pH determination. A mixture of K.SO, + KHSO, is indicated. This was caused by the accumulation of hydrogen 
ions in the main compartment of the cell during pre-electrolysis with the remote mercury electrode. 
¢ Lewis & Randall, ‘“Thermodynamies,”’ Ist ed., p. 362, McGraw-Hill Book Co., New York (1923). 


“ Using 0.1N H.SO, as base. 
«Using 0.05N H.SO, as base. 


/ Assuming salt effect (13) = —(RT/F)in{1 + (K*)/(H,0*)]. 


Assuming salt effect = (RT/F)1n 


for the case where a large extrapolation is required. 
An improvement in the precision of determining b 
would be desirable. These results, however, certainly 
show that within the experimental error the measure- 
ments do fit the theoretically calculated results. 
These data also indicate a method for further work 
on the pH and salt effects. 


DISCUSSION 


The results shown in Fig. 4 and 5 lead to interesting 
conclusions concerning the mechanisms of hydrogen 
overvoltage on platinum. Okamoto, Horiuti, and 
Hirota (14) in a statistical mechanical treatment 
of the catalytic mechanism of hydrogen overvoltage 
concluded that the catalytic mechanism would be 
rate determining until the metal surface was satu- 
rated with atomic hydrogen. At this point there 
would be a change in the rate determining mechanism 
to an electrochemical reaction. Kortiim and Bockris 


If the atomic hydrogen saturation of the electrode 
surface caused a change in the rate determining 
mechanism as postulated by these authors, then a 
decrease in hydrogen ion activity should require a 
higher current density for the surface to become 
saturated with atomic hydrogen. This would be so 
because the experimental results show no significant 
oH effect in the b = 0.026 range which means that 
the ratio a@y/ady+ is constant for all hydrogen ion 
activities. This leads to the conclusion that ay must 
be decreased in the same proportion that ay+ is 
decreased and, therefore, saturation of the surface 
should take place at higher current densities. The 
curves in Fig. 4 and 5 show conclusively that the 
opposite effect is taking place, that is, a decrease in 
hydrogen ion activity causes a change in rate de- 
termining mechanisms at a lower current density 
rather than a higher one. 

The rate determining mechanisms postulated for 
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the hydrogen overvoltage on a platinum electrode 
are as follows. In the voltage range where b is 
0.026 + 0.003, the rate determining mechanism is 
most likely the catalytic reaction, 


2(H,O)+ + 2e = 2H + 2H,0 


The discharge mechanism itself is reversible while 
the combination of hydrogen atoms is rate control- 
ling and determines the Tafel b value. However, as 
the current density is increased the hydrogen ion 
concentration in the double layer reaches a constant 
value at the point where the rate of diffusion of 
hydrogen ions from the bulk of the solution becomes 
slower than the combination reaction. At this point 
the rate of hydrogen ion diffusion would be rate 
controlling if it were not for a parallel hydrogen-pro- 
ducing reaction taking place at the electrode surface. 
This reaction is undoubtedly the direct reduction 
of water to atomic hydrogen. Such a mechanism 
has been postulated by Eyring, Glasstone, and 
Laidler (16) and it is also generally believed to hold 
for alkali solutions. Parsons (17) gives the following 
reaction for reduction of hydrogen from water mole- 
cules: 


HO +e— — H + OH- — 4H, + OH-, 


where A # is the activated complex corresponding 
to the highest energy barrier over which the system 
passes during completion of the over-all reaction. 
The calculated b value for such a reaction is 0.118. 

The over-all mechanism of hydrogen overvoltage 
on a platinum cathode would therefore be two paral- 
lel reactions: 

(A) A catalytic controlled reaction 


(H,O)* solution — (H;O)* double layer 
(H,0)* d.l. + e= H + HO 


H — 
and 
(B) a slow discharge controlled reaction 


H.O + e— H + OH- 
H 16H. 


both of which take place at all current densities. If 
we conclude that, virtual maximum rate?’ of discharge 


? This is a concept of Carl Wagner (private communica- 
tion, April, 1952). He stated, ‘‘We may introduce the con- 
cept of the ‘virtual maximum rate’ of the various con- 
secutive steps of a sequence A; Ay— An. 
The virtual maximum rate of an individual step A, — A,,, 
is defined as the rate which would be found if equilibrium 
for all the foregoing steps and all subsequent steps were 
established (e.g., with the aid of appropriate catalysts), 
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of protons from a water molecule < virtual m 


“imum 
rate of combination of hydrogen atoms < virtual 
maximum rate of discharge of protons fy.) hy. 


dronium ions, and also that at current densi: ies je. 
low the transition point in b values, the net pate of 
diffusion of hydrogen ions from the bulk of the 
solution to the double layer is greater thay the 
virtual maximum rate of the combination reaction. 
then in this range A is rate determining because this 
over-all reaction is faster than B. At current densities 
higher than the transition point the net rate oj 
diffusion of hydrogen ions is slower than the virtua) 
maximum rate of discharge of protons from a water 
molecule and here B is rate determining since jts 
over-all reaction is now faster than A. 

These conclusions are confirmed by the data showy 
in Fig. 4 and 5. The effect of stirring the solutioy 
would result in an increase in the rate of diffusioy 
of hydrogen ions into the double layer and this would 
then require a higher current density for reaction 
B to be rate determining. The experimental results 
shown in Fig. 4 support this conclusion. The dats 
shown in Fig. 5 also confirm these conclusions since 
they show that the hydrogen ion concentration does 
determine the current density at which the rate de- 
termining mechanism changes. 

DeBéthune (13) in a study of the salt effect showed 
that from the Eyring, Glasstone, and Laidler theory 
(16) when the protons reduced at an electrode sur- 
face come from hydronium ions there will result an 
increase in overvoltage; and when the protons dis- 
charged come from water molecules, the overvoltage 
will be reduced. The results of this investigation 
show that the salt effect increases overvoltage in the 
b = 0.105 range. It was concluded in this paper that 
in this range the rate determining mechanism is the 
reduction of protons from water molecules and not 
from hydronium ions as would be required by 
deBéthune’s postulate. However, these conclusions 
are not in complete contradiction as they may seem 
at first sight. This is because the point at which the 
change in mechanism takes place is determined by 
the hydrogen ion activity in the double layer in 
which range the catalytic reaction, A, is rate de- 
termining. In other words, the pH and salt effects 
which are only in the b = 0.105 range are determined 
in the range in which the catalytic reaction is rate 
determining and where the proton source is pri- 
marily from hydronium ions. The effect of the potas- 


i.e., the concentration of A, was determined by an equi 
librium with the primary reactant A;, and the concentra 
tion of A,,, was determined by an equilibrium with the 
final reaction product A,. Then we may say that the reac- 
tion with the lowest virtual maximum rate controls the 
overall rate,”’ 
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SUMMARY 


1. \ method of determining surface cleanliness 
of the platinum cathode was developed. 

2. Platinum overvoltage curves in various con- 
centrations of sulfuric acid and 0.1N potassium sul- 
fate were determined. 

3. Conclusions from the experimental results were 
used to postulate the mechanisms of hydrogen over- 
voltage on a platinum electrode. 
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APPENDIX 


Determination of True Surface Area of the Platinum 
Electrode 


It was found during overvoltage measurements in 
0.1N potassium sulfate solution, that if the current 
was maintained at the highest current densities 
shown in Fig. 5 for this solution, a rapid and sudden 
increase in overvoltage would take place after about 
five minutes. The overvoltage data then obtained 
would result in a curve such as shown in Fig. 6. 
That the higher overvoltage curve was caused by 
some impurity being plated out on the platinum 
surface was evident in two ways. [nitially, when 
the current was greatly lowered the voltage dropped 
considerably and the time-potential trace showed 
evidence of an impurity on the surface. Secondly, if 
the double layer capacity of the cathode surface was 
determined during the transition to the higher over- 
voltage curve and beyond, a double layer capacity 
vs. voltage curve such as shown in Fig. 7 resulted. 
This curve shows evidence of a pseudocapacity at 
about 7 = —0.5 volt. This is definite evidence that 
some trace material was eventually reduced at the 
cathode surface. The fact that after the pseudo- 
capacity peak, the capacity comes to the same value 
as before the peak, shows that this impurity was not 
organic in nature. 

The true surface area of the platinum electrode 
was determined from this double layer capacity data 
by assuming Grahame’s value of 16 microfarad/cm? 
(7) for the capacity at the bottom of the curve. The 
data shown in Fig. 7 was corrected for this which 
resulted in an area correction of 2.16 times the ap- 


HYDROGEN OVERVOLTAGE ON BRIGHT PLATINUM 493 


parent area of the platinum cathode. This correction 
for the area was used in all the data given in this 
paper. 


qT | | | 
706 
-04 
-02 


LOG CURRENT DENSITY (A/cm? ) 


Fic. 6. Effect of residual trace of impurity on hydrogen 
overvoltage of bright platinum in 0.1N potassium sulfate 
solution. 


DOUBLE-LAYER CAPACITY 


8 — 
60}+— 
40 
0 -02 -04-06 -08 
7 (VOLTS) 


Fic. 7. Differential capacity of the electrical double layer 
on bright platinum in 0.1.N potassium sulfate solution con- 
taining a residual trace of impurity. 


The hysteresis effect on smooth platinum noted 
by Azzam and Bockris (18) can also be explained 
on the basis of these results. 


Any discussion of this paper will appear in a Discussion 
Section, to be published in the June 1953 issue of the 
JOURNAL, 
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Effect of Stress on Metal Electrode Potentials’ 


Ropert E. anp Norman H. NAcuHTRIEB 


Institute for the Study of Metals, University of Chicago, Chicago, Illinois 


ABSTRACT 


The effect of stress on the electrode potentials of silver and gold has been measured. 
Tension renders these metals cathodic in aqueous solutions of their corresponding salts. 
Compression produces changes in the opposite direction. These changes are propor- 
tional to the applied load. Quinhydrone and ferrous-ferric electrodes are not affected 


by stress. 


The observations cannot be accounted for on the basis of thermodynamic changes 
produced within the metal. Necessarily, a surface phenomenon is responsible. The 
condition of the metallic surface is shown to be an important variable, although studies 
of certain variables within the electrolyte have failed to reveal the nature of polarization. 


INTRODUCTION 


The present study was undertaken in an attempt 
to obtain fundamental information relevant to stress 
corrosion phenomena and to the problems of pre- 
paring reproducible and stable metal electrodes for 
laboratory use. With many metals, for example iron 
and nickel, it is almost impossible to prepare elec- 
trodes which exhibit the true thermodynamically 
reversible potential. Reasons for this difficulty are 
considered to be primarily of two types: (a) hardness, 
which may be the cause of large strains within the 
metallic lattice, and (b) surface polarization. If the 
effects of hardness were known, some light might be 
shed on the related problems of stress corrosion. 

To simplify the situation as much as possible, the 
present experiments were primarily concerned with 
applied stresses within the elastic limit. Most metal 
specimens were cold-worked, for, as will be seen, 
annealed metals undergo permanent deformation at 
such low stresses that no significant potential data 
can be obtained. Nevertheless, some reproducible 
results have been obtained for increments of total 
stress above that present in the initial cold-worked 
specimens. 

Many have measured electrode potentials of cold- 
worked vs. annealed metals, but often the results 
have been inconclusive. The iron electrode has been 
studied by Richards and Behr (1) and by Walker 
and Dill (2). Iron was reported to become cathodic 
when subjected to tensile stress within the elastic 
limit. The effects were temporary, although repro- 


' Manuscript received May 14, 1952. From a dissertation 
submitted by Robert E. Fryxell to the Department of 
Chemistry of the University of Chicago in partial fulfill- 
ment of the requirements for the degree of Doctor of Philos- 
ophy, September, 1950. 

* Present address: Analytical Unit, Chemistry Subsec- 
tion, TAP Laboratory, General Electric Company, Pitts- 
field, Mags. 
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ducible. However, Endo and Kanazawa (3) state 
that tensile stress produces an anodic change. Evans 
and Simnad (4) observe that iron becomes anodic 
with tension, but cathodic with compression. 
Giulotto (5) measured the potential of iron wire in 
aqueous ferrous sulfate solution as a function of 
tensile stress. He observed stable, reversible changes 
in the cathodic direction which were proportional to 
the applied stress (80 nv /10,000 Ib/in.*). 

Some softer metals have also been studied, but 
again, the data are not always in agreement. Spring 
(6) in an early paper reported potential measure- 
ments of cold-worked vs. annealed specimens of the 
same metal in aqueous solutions of the corresponding 
metal salt. Tin, lead, cadmium, and silver became 
anodic with cold work, but bismuth became cathodic. 
Tammann and Wilson (7) performed similar experi- 
ments with copper, silver, zinc, lead, and cadmium. 
In 52 cases out of 67, the cold-worked electrode was 
anodic. 

More recently, Nikitin and co-workers (8) have 
studied in detail the effect of tensile stress on the 
galvanic potential of several metals and alloys over 
a wide range of stresses up to rupture. A zine alloy 
(Zn, Cu, Al), brass, iron, and copper became anodic 
with stress in aqueous solutions of zinc, cupric, 
ferrous and cupric sulfates respectively. Silver be- 
haved in the reverse manner in silver nitrate solution. 
However, Gautam and Jha (9) working with copper, 
obtained results which contradict those mentioned 
above; they found that it becomes cathodic when 
subjected to tensile stress in aqueous cupric sulfate. 

The changes reported in these papers are of the 
order of 0.01 to 0.5 mv/1000Ib/in.? (psi) for applied 
stresses which often covered the entire range up to 
rupture. In many of these experiments, no attempt 
was made to demonstrate stability and reversibility. 
For this reason, the data are considered of qualitative 
significance only. In the present work, an attempt 
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has been made to overcome the above objections. 
Some interesting correlations have been made, 
although a complete explanation ot the phenomena 
is not yet possible. 
EXPERIMENTAL 
Tension 

Apparatus.—The arrangement is shown in Fig. 1. 
A simple beam balance, 1, was used to apply tension 
to the wire electrode held in chucks, e, e’. Tension 
was applied by adding weights to b or with the 
chainomatic device, 3. The chain was 22 in. in length 
with 16 1-in. lead balls suspended at equal intervals. 
This device was calibrated in terms of number of 
turns of the screw required to level the balance 
beam with unit weight on ballast pan, a. 

A Leeds and Northrup type K-2 potentiometer 
in conjunction with a lamp and scale galvanometer 
of 0.00048 4 amp/mm sensitivity (at one meter) was 
used for potential measurements. A saturated 
Weston cell was used as a standard. 


2008 - 
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Fic. 1. Tension apparatus 


Method.—Two freshly cleaned and straightened 
wires were sealed in the bottom holes of the glass 
cell (Fig. 2) with DeKhotinsky cement. Great care 
was exercised to keep the wire in the correct vertical 
position while the cement hardened. 

The cell was placed in position on the brass tripod, 
the wire to be stretched was clamped in the chucks, 
and the adjustable legs on the tripod were raised so 
that the cell just made a snug fit with a rubber 
cushion on the tripod. With the beam exactly bal- 
anced by a ballast weight on a, turnbuckle d was 
adjusted until the balance beam just showed a 
deflection (as indicated by a small spirit level). 

Aqueous electrolyte was added to the cell, the 
wires connected to the potentiometer circuit, and 
thermostatted water circulated through the cell 
jacket with a small rotary pump. This water was 
kept at 25.0 + 0.1°C unless otherwise noted. 

Potentials of this cell were found to vary con- 
siderably for periods ranging from an hour to one or 
two days. This variation often amounted to several 
millivolts. It was found that bubbling an inert gas 
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(nitrogen) through the electrolyte for a few ninute, 
at the beginning of the experiment shorteied {hp 
period of erratic behavior. The requireme Was 
obeyed that potentials must be stable to a {ey 
hundredths of a millivolt for at least 15 minutes 
before tension was applied. 

In all experiments, the reference electrode was of 
the same metal as the test specimen, whenever 
possible taken from the same stock. Hence the initia) 
potential of the resulting cell should have been er, 
at no applied stress. However, this ideal situatioy 
was rarely achieved. Often the starting potentia| 
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Fig. 2. Cell for tension experiments 


amounted to several millivolts, and in a few cases 
was as high as 15 mv. 

The following convention regarding signs was 
adopted: if the test wire was anodic to the reference 
electrode, the emf was designated negative. 

After sufficient data were obtained by use of 4 
given electrolyte, it was convenient to siphon off the 
solution through the sintered disk, and to add a new 
electrolyte without disturbing the cell. Whenever 
this was done, the cell was first thoroughly rinsed 
with the new solution. 


Compression 


A pparatus.——-A small Carver hydraulie press was 
used to apply compressional stresses to coin shaped 
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metal specimens. The assembly is shown in Fig. 3. 
Electrolyte was contained in a Lucite beaker, 5, 
which had a 1-in. diameter hole in the bottom. 

Method.—The Bakelite disk, 6b, was held in place 
vith Duco cement. The upper disk, 6a, and the steel 
plunger, 4, contained holes as indicated for the wire 
connecting the specimen, 7, with the potentiometer 
circuit. This wire was of the same metal as the test 
specimen in all cases. The specimen contained an 
oversize hole along its cylindrical axis. The wire was 
inserted in this hole and a tight connection made by 
crimping the surrounding metal. Insulation from the 
plunger was achieved by the use of woven glass 
spaghetti tubing. 


Fic. 3. Compression apparatus 


The specimens were carefully machined to have 
faces parallel to a tolerance of less than one thou- 
sandth of an inch. These faces were subsequently 
polished lightly with fine metallographic paper. The 
cylindrical surfaces which were exposed to the elec- 
trolyte were prepared by a variety of means which 
will be described separately for each experiment. 

After the apparatus was assembled as shown in 
Fig. 3, the hydraulic piston, 2, was raised until the 
gauge just showed a positive pressure. Then the 
fluid pressure was momentarily released. This was 
taken as the starting point for the application of 
known compressional stresses. 

\ reference electrode was suspended near the wall 
of the beaker. This was always of the same metal as 
the test specimen, and consisted of a short length of 
0.025-in. wire, cleaned in dilute acid and/or lightly 
abraded. 
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The aqueous electrolyte was then added and cell 
potentials measured as described for the tension ex- 
periments. In some cases, a fritted bubbler was 
inserted in the solution, through which nitrogen was 
passed for purposes of mixing and removing tem- 
perature gradients, but this made no apparent dif- 
ference in the results. The same criteria were used 
for satisfactory stability of potentials as described 
for the experiments with tensile stress. Stress applied 
to the specimen was calculated from the reading on 
the hydraulic gauge, and the known diameters of the 
piston and the specimen. 

The Lucite beaker was not thermostatted for these 
experiments. However, the temperature of the room 
was always within the range 22-27°C and was 
constant to less than half a degree during each series 
of measurements. It is felt that this additional 
variable in the experiment is unimportant, since it 
was found that similar results were obtained whether 
or not the electrolyte was agitated by bubbling gas. 
That is, small thermal gradients are not of primary 
importance. 


0.6 © no stress 
05 @ 8100 psi 
0.4 
03 
20 40 60 


Minutes 


Fic. 4. Effect of tension on electrode potential of gold. 
(Electrolyte: 0.06M HAuCl,). 


RESULTS 


The experiments are classified in four groups: 
1. Experiments with electrodes in contact with an 
aqueous solution of the corresponding metal salt. 
2. Experiments with silver to test the importance 
of chemical variables. 
3. Experiments to test the importance of con- 
dition of the metal surface. 
4. Experiments in which the metal served as an 
indicator electrode with no common ion in solution. 


Tension and Compression Experiments 


Gold.—The tension experiment utilized 0.025-in. 
cold drawn wire, 99.9 per cent pure. The surface was 
cleaned with acetone, followed by concentrated hy- 
drochloric acid. Aqueous 0.06M HAuCl, was the 
electrolyte. Typical results are shown in Fig. 4. 
Tensile stress invariably made the wire more noble. 
The effect is essentially stable and reversible. 
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The compression experiment utilized a cylinder of 
fine gold, 0.51-in. in diameter and 0.64-in. long. The 
surface was carefully machined, then cleaned in 
carbon tetrachloride just before use. The electrolyte 
was the same solution used in the previous experi- 
ment. Results are shown in Fig. 5. Compression 
produced a stable, reversible potential change in the 
anodic direction, opposite to that produced by 
tension. 

Silver.—The tension experiments utilized 0.025-in. 
wire which had been cold drawn from 99.98 per cent 
pure metal melted in vacuo. Surfaces were abraded 
lightly with 2/0 metallographic paper, then cleaned 
in acetone, 1:10 nitric acid, and distilled water. The 
electrolyte was 0.1M silver nitrate. Typical results 
are shown in Fig. 6 and given in Table I. Potential 
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Fic. 5. Effect of compression on electrode potential of 
gold. (Electrolyte: 0.06 M HAuCl,). 


changes produced by tension were always in the 
cathodic direction and proportional to the applied 
stress. 

Stresses applied suddenly (by adding a weight to 
pan b, Fig. 1) or gradually (by using the chainomatic 
device) apparently produced the same effect. Hence, 
the two methods were used interchangeably in later 
work. At higher stresses (16,000 psi), potential 
changes were less stable and not entirely reversible. 
This may be associated with the onset of appreciable 
amounts of plastic deformation. For a single experi- 
ment, a wire was used which had been annealed in 
vacuo for 16 hours at 450°C. The relatively small 
applied stress of 1800 psi stretched the wire beyond 
the elastic limit, which resulted in an abnormally 
large (cathodic) but irreversible change in potential. 

From a large number of experiments with hard 
drawn wire from two different sources, the “tension 
coefficient” for the silver electrode potential was 
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TABLE 1. Effect of tension on electrode potential of gijyo, 
(Electrolyte: 0.1M AgNO,) 


Stress (psi) | Average E (mv) | | AE | | AE | 1000 psi 


Specimen 1 


0 | 66 


| 


| 
aa 
0.12 57 
| 0.057 
0.14 0.066 
4240 1.92 | 7 
0.33 0.078 
0 1.59 0.43 | 0.081 
5300 2.02 4 | 07 
| 0.42 0.079 
0 1.60 7 
0.16 0.076 
2120 1.76 | 
| | 0.50 0.094 
7420 226 7 
0.078 
| 0.14 0.066 
1.71 0.41 | 0.077 
5300 3.12 | 
| 0.40 | 0.076 
1.72 | 1.03 0.007 
10600 2.75 0.79 0.07 
| .075 
0 | 1.96 | 
Specimen 2 
| 
| | 0.32 | 0.101 
0.30 | 0.004 
6 0.74 0.140 
5300 0.57 0.53 0.100 
0.04 0.23 0.072 
3180 0.27 0.33 0.104 
| | 0.51 0.096 
5300 0.45 | 0.44 0.082 
o | 0.01 | | 
Specimen 3 
0 —6.17 0.74 0.140 
—5.43 0.31 0.146 
; —5.12 0.82 0.110 
—5.94 0.36 0.113 
—5.58 0.33 0.104 
0 —5.91 
ue 
30k © stress 
& 1800 psi . 
© 2630 ps 
GO 386098 
Minutes 


Fia. 6. Effect of tension on electrode potential of silver. 
(Electrolyte: 0.1 M Ag NO;). 


found to be 0.078 + 0.021 mv/1000 psi up to total 
stresses of 10,000 psi. However, with some specimens, 
the coefficient was as low as 0.01. This matter is 
considered further in the experiments dealing with 
various methods of surface preparation. It is clear 
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that these data are not quantitatively indicative of 
some property of silver, and yet a proportionality 
between potential change and applied stress exists 
for any given specimen. 

The compression experiments were performed with 
\¢-in. disks eut from 5¢-in. diameter rod of the same 
purity metal used in the tensile tests but of unknown 
metallurgical history. The rod had been swaged and 
was quite hard; compressional stresses of 30,000 psi 
produced no appreciable plastic deformation. Sur- 
faces were cleaned as described for silver wires. The 
silver disks became anodic with compressional stress. 
Again, the changes were stable, reversible, and pro- 
portional to the applied stress but opposite in 
direction to the effects produced by tension. Typical 
results are shown in Fig. 7. 


Solution Variables 


It is apparent from the preceding results that 
thermodynamic changes within the metal cannot 
explain the effects of stress, for work input (stress) 
must always raise the free energy of the metal and 
change its electrode potential in the anodic direction. 
Furthermore, simple calculations show that for silver 
with a Young’s modulus of 10’ psi, the thermo- 
dynamic potential change upon application of 1000 
psi stress will be only 0.04 uv even if all the work 
introduced is available as free energy. Thus, some 
type of surface phenomenon is responsible for the 
observed changes. The following experiments were 
designed to test several variables which might give a 
clue to the cause of the electrode polarization. 

Dependence on silver nitrate concentration.—T ypical 
tension experiments were performed with 0.025-in. 
silver wire with a series of electrolytes which varied 
from 10-* to LM. In all cases, cathodic potential 
changes were observed, similar to those shown in 
Fig. 6. The proportionality between AE and stress 
varied somewhat from one experiment to another, 
but there did not appear to be any correlation with 
the electrolyte concentration. 

Effect of tension in the absence of silver ion.—The 
following electrolytes were utilized in this experi- 
ment: 0.1M NH,4NOs, 0.1M NaSO,, 0.1M KI. With 
all of these, tension produced potential changes in 
the cathodic direction. However, comparatively large 
stresses (6000-8000 psi) were required to produce 
potential changes of 0.1-0.2 mv. Furthermore, the 
change was manifested slowly over a period of several 
minutes. The reciprocal effect obtained on removal 
of the stress. That these phenomena are real was 
proved by determining the tension coefficient in a 
silver nitrate solution before and after each experi- 
ment with these other electrolytes. Invariably, the 
typical instantaneous, relatively large and permanent 
potential changes were observed. It should be men- 
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tioned that with silver nitrate solutions, the entire 
potential change usually occurred within ten seconds 
after stress was applied, which was the minimum 
time required to balance the potentiometer. 

Dependence on pH Several tension experiments 
were performed in 0.1M silver nitrate containing 
varying concentrations of ammonium hydroxide from 
from 0.3 to 164M. For the 164M solution, dry 
ammonia was bubbled through the solution during 
the entire experiment. In all cases, the effect of 
tension (2830 psi) was to render the test specimen 
cathodic. The tension coefficient decreased somewhat 
with increasing pH, but this is not considered sig- 
nificant, since the wire was being etched at a slow 
rate (see Discussion). 

Dependence on dissolved gases.—Tension experi- 
ments were performed in which argon, nitrogen, and 
carbon dioxide were separately bubbled through the 
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Fic. 7. Effect of compression on electrode potential of 
silver. (Electrolyte: 0.1M Ag NOs). 


0.1.M silver nitrate solution. The gases were freed of 
oxygen by passage over copper at 245°C. Cell po- 
tentials were measured in each case while the gas 
was bubbling. For the test with argon, the gas was 
allowed to bubble for 30 hours before stress was 
applied. Within the normal variation of results, the 
tension coefficient was independent of the nature of 
the gas. 

To determine if extremely small amounts of oxy- 
gen are responsible and sufficient for the observed 
effects of stress, a careful tension experiment was 
performed which utilized water freed of oxygen ac- 
cording to the method of Patrick and Wagner (10). 
The method involves refluxing the water with Wood’s 
metal. Water so purified in an argon atmosphere 
was distilled directly into a flask which contained 
sufficient silver nitrate crystals to render the result- 
ing solution 0.1M. This solution could be forced 
into the cell shown in Fig. 8 with argon pressure 
without exposure to the atmosphere. 

The chucks were machined from pure silver rod; 
the external clamps were of aluminum. Rubber 
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sleeves connected the rods to the glass cell. The 
reference electrode consisted of a cylinder of 0.010-in. 
pure silver sheet, 2 in. high and diameter as large as 
the cell. A silver wire was spot welded to it and 
brought out through a. The test specimen was 
0.040-in. diameter wire prepared from 99.98 per cent 
silver. It was melted in vacuo and swaged and drawn 
to the final size from a 5(¢-in. casting without 
intermediate annealing. 

After assembly, all possible leaks were sealed with 
DeKhotinsky cement. The specimen was cleaned 
anodically in a solution which contained 60 grams 
each of potassium ferrocyanide and sodium cyanide 
per liter. A total time of five minutes and current 
density of 10-15 amp/dm? were the conditions used. 
After the experiment, it was noted that the surface 
was truly electropolished only in spots, although the 
entire surface was stripped of oxides which may have 
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Fic. 8. Cell for oxygen-free tension experiment 


been present. After the cyanide solution was drained 
off through c, the cell was rinsed four times with 
purified water from an additional reservoir in the 
purification system. Finally, the silver nitrate elec- 
trolyte was transferred to the cell and mixed 
thoroughly by the argon bubbler d. Measurements 
were made with argon passing over the surface of 
the solution at e. 

At the conclusion of the experiment, the elec- 
trolyte was tested for dissolved oxygen by the 
Winkler reaction (11). The silver oxide formed is 
easily converted to the iodide when the solution is 
acidified and the starch-iodine endpoint is clear 
though somewhat slow. This test was completely 
negative in the solution used, which allows the esti- 
mation of an oxygen content of <0.05 ce per liter. 

Results were obtained on three consecutive days 
and were similar to previous data obtained. It is clear 
that tension renders silver cathodic even in a solution 
in which the dissolved oxygen content is <0.05 cc 
per liter. 
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Tension coefficient in presence of a wetting 

A typical tension experiment was perfo:med jy 
0.1M silver nitrate to demonstrate that the systey 
was behaving in the expected manner. A {engioy 
coefficient of 0.04 mv/ 1000 psi was observed. 
solution was added 7 mg of Duponol ME py 
detergent. Nitrogen was passed through for a fey 
minutes to ensure adequate mixing. Much frothing 
occurred, but it was possible to measure the effeet oj 
tension. A typically stable and reversible potentia| 
change in the cathodic direction of 0.04 mv/1000 psi 
was observed. 


Condition of Electrode Surface 


Some early experiments indicated that silver wires 
which had been chemically etched with ammonia or 
cyanide failed to exhibit a change in potential with 
applied stress. These observations raised questions 
concerning the importance of surface geometry and 
surface strains. 

A series of compression experiments was run in 
0.1M silver nitrate with the usual coin-shaped silver 
specimens but with the surfaces prepared in various 
ways. 

1. Surface stroked lightly with 2/0 metallographic 
paper in the direction of the circumference. 

2. Surface machined on lathe with automatic 
drive, with very fine cut. 

3. Surface electropolished in the same cyanide 
solution described earlier; current density 15-20 
amp/dm? for five minutes. 

All were cleaned in ethyl alcohol and carbon tetra- 
chloride and allowed to dry in air at room tempera- 
ture just before use. 

4. Surface abraded with 2/0 metallographic paper 
and cleaned in 1M perchloric acid for 30 minutes. 
After the system was assembled, iron accidentally 
came into contact with the electrolyte and produced 
some galvanic action. The deposited silver formed a 
rather adherent coat on both the disk and reference 
electrode. Nevertheless, a compression experiment 
was performed with this specimen. 

Results are shown in Fig. 7. The effects are not as 
stable as some considered earlier, perhaps due to the 
high applied stresses which probably produced some 
plastic deformation. Yet, it is clear that specimen 4 
shows only a small compression coefficient, 1, 2 show 
a larger effect, and 3 the largest. 

To determine if this is, in fact, a function of surface 
roughness, specimens 2, 3, and 4 were sacrificed as 
follows to photograph a cross section. The specimens 
were electroplated with copper to protect the suriace 
during the cutting process. The cut was made along 
the diameter with a jeweler’s saw, and the slice 
mounted in plastic in the usual manner. After the 
surface was polished, a photomicrograph was taken 
which showed the copper-silver interphase. This is 
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the co: our of the cross section of the original silver 
aurface. Photomicrographs of these specimens are 
chown in Fig. 9. The light area is silver, the gray, 
copper. For specimen 4, the silver surface was so 
rough and loose that the copper plate did not adhere 
properly. Thus, due to the poor protection, some 
silver may have been lost in the cutting and mount- 
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detectable potential change was observed upon ap- 
plication of 9000 psi stress. 

2. A similar experiment was performed with gold 
wires and an electrolyte 0.1M each in ferrous chlo- 
ride, ferric chloride, and hydrochloric acid. The ex- 
periment was carried out immediately after the corre- 
sponding one with HAuCl, electrolyte. Potentials 


SPECIMEN 4-500 xX 


SPECIMEN 3-500 X 


SPECIMEN 4-750 X 


Fig. 9. Photomicrographs of silver surfaces 


ing processes and hence, the photomicrograph shows 
only a minimum roughness of the original surface. 


Indicator Electrodes 


Two tension experiments with a different type of 
cell were performed. 

|. Electrodes of 0.025 in. platinum wire in a Clark 
and Lubs buffer of pH = 4 saturated with quin- 
hydrone. The wires were cleaned in concentrated 
hydrochloric acid and distilled water before use. No 


were stable to 0.01 mv, but no change could be 
detected on application of 8100 psi stress. 

The latter experiment was repeated with com- 
pressional stress, again immediately after the corre- 
sponding one with HAuCl, electrolyte. The same 
ferrous-ferric electrolyte was used. A small transient 
change in potential of 0.1 my (cathodic) was ob- 
served when 34,000 psi stress was applied. Removal 
of the stress produced a transient change in the 
reverse direction. This cycle was repeated several 
times. The temporary nature of the changes is con- 
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sidered significant, since the experiment performed 
immediately before with HAuCl, electrolyte showed 
the usual stable and larger changes. 


DISCUSSION 


It has been shown that the observed changes in 
electrode potential upon application of stress are too 
large to be accounted for on thermodynamic grounds 
and are often in the wrong direction. It seems clear 
that some form of surface phenomenon is responsible. 
That the nature of the surface is a factor has been 
demonstrated. An electropolished metal, presumably 
relieved of surface strain gradients, shows a larger 
stress coefficient of potential than a metal with a 
relatively rough surface which has been cold worked. 
This indicates that strain gradients are not necessary 
for the phenomenon to appear in spite of the fact 
that a deeply etched specimen does not exhibit a 
measurable stress coefficient. Rather, this may be a 
geometrical factor. If the surface is extremely rough, 
applied stresses are concentrated in corners. In other 
words, only a small fraction of the total surface 
becomes more strained and less disturbance or dis- 
tortion of any adsorbed material is caused. If the 
surface is very smooth (electropolished), essentially 
all of it acquires some strain and a maximum effect 
of stress on the potential is produced. A surface 
which has received a coating of electrodeposited 
metal shows only a small change in potential with 
applied stress. This is consistent with the present 
argument since the fresh surface is not only geo- 
metrically rough, but not an integral part of the 
substrate metal. Thus only part of the applied stress 
can be transmitted to the surface. Deep etching may 
also produce a surface in which the applied stress is 
distributed very unevenly. Grain boundaries are 
attacked by etchants, thus exposing more area and 
producing a surface which is similar to the electro- 
deposited one insofar as it is discontinuous with 
respect to the strain originally in the metal. It is not 
surprising that an etched surface shows only a small 
stress coefficient of potential or none at all. 

It is interesting to speculate on the mechanism 
of the polarization. One type of polarization is that 
which involves mobile ionic species within the elec- 
trolyte (concentration polarization). For example, if 
ions absorbed on the meta! surface are ejected into 
the solution when stress is applied, a concentration 
gradient is set up which can affect the observed cell 
emf. Such an altered potential will return to its 
original value rather quickly, the rate determined by 
diffusion of the ions involved, and if the solution be 
agitated, the polarization ought to be dissipated 
almost instantaneously. This possibility may be 
eliminated, since experiment has shown that po- 
tential changes are stable and reversible even if the 
electrolyte is agitated with a gas bubbler. 
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A second type of polarization involves « layer ,; 
material on the metal-solution interphase which ;, 
not free to move. A thin layer of oxide on ‘he metg| 
surface, for example, is immobile. When stress j, 
applied, it may become distorted or disrupted, |f jj 
is disrupted, bare metal is exposed to the electrolyt, 
and the metal may exhibit a different potential yn 
the faults are healed. If the film is distorted, j 
offers a different potential barrier for the electrode 
reaction. Attempts to test this hypothesis hay, 
yielded negative results. Large changes in pH, whic 
may affect the properties of an oxide film, do jo 
affect the stress coefficient of potential. Experiment, 
in the presence of various dissolved gases have like. 
wise failed to indicate an important variable. 4 
single careful experiment in an oxygen-free electro. 
lyte also showed typical potential changes. However. 
the small amount of oxygen remaining in this electro. 
lyte may have been sufficient to constitute a mono- 
layer on the wire surface. Thus, the hypothesis tha; 
an oxygen or oxide film is responsible for the observed 
results cannot be completely excluded. 

The results obtained with the quinhydrone and 
ferrous-ferric electrodes are interesting in this con- 
nection. For such electrodes, an exchange of electrons 
takes place on the surface and the metal merely car- 
ries electrons to or from the reactants if the reaction 
is allowed to proceed. For the other class of electrodes 
(M — M** + ne), a positive ion must cross the 
interphase between metal and solution. Perhaps these 
two types of processes are affected differently by 
changes in the interphase induced by applied stress. 
The small transient change in potential of the fer- 
rous-ferric electrode with high compressional stresses 
is conceivably due to heat of stretching which is 
quickly dissipated within the solution. No agitation 
was used in this experiment. 


CONCLUSIONS 


The stress-induced changes in the electrode poten- 
tials of silver and gold cannot be explained by 
thermodynamic considerations. Ionic ‘polarization 
within the electrolyte may be excluded. The polar- 
ization probably involves distortion or disruption 
of a film at the metal-solution interphase. 
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Anodic Behavior of Iron in H,SO. 


J. H. AND LEE STEPHENSON 


Department of Physics, University of Illinois, Urbana, Illinois 


ABSTRACT 


Various phenomena associated with the steady state of the cell Fe | HoSO,(2N) | Pt 


are discussed with particular emphasis on the factors governing reproducibility. The 
formation of a brownish, gelatinous coat is observed, but its significance is obscure 
and it appears to have no direct effect upon transients produced by short off-times. 
An empirical equation has been found which represents the short off-time transients 
over a relatively wide voltage range. A discussion is given of the principal points that 
must be embodied in a theory describing the transient behavior of the cell. The part 
played by the charging of the usual double layer is demonstrated to be of little con- 


sequence in the observed transients. 


INTRODUCTION 


In order to understand the nature of the processes 
taking place at an electrode in solution it is often 
convenient to see how the system behaves when it 
is disturbed. Knowledge of the resulting transient 
behavior may then enable one to invent a reasonable 
mechanism for the electrode process. 

Electrode transients may be conveniently pro- 
duced by making or breaking a circuit which con- 
sists of an external emf, e.g., a lead storage battery, 
an external resistance in series, and the experimental 
cell itself. If the external resistance is high, then it 
will account for most of the potential drop and the 
current will remain approximately constant while 
the cell voltage may vary over a fairly wide range 
(say of the order of one or two volts). If the external 
resistance is low, the current decreases more or less 
rapidly from the value obtaining at the instant the 
emf is first applied, and a steady state is eventually 
reached wherein the current does not change ap- 
preciably with time. The steady state current may 
be considerably less than the initial current. During 
such a transient, the cell voltage will remain ap- 
proximately constant, and this will usually be an 
advantage because the number of possible chemical 
reactions will probably be at a minimum. If, on the 
other hand, the current is held about constant, im- 
portant steady state regions may be missed entirely 
because the transient path in the current-voltage 
diagram does not intersect the steady state locus. 
Therefore, one should be able to work at constant 
voltage if desired, or at constant current, or with 
some convenient constant external resistance, the 
actual choice being governed by the particular pur- 
pose of the experiment. 


' Manuscript received March 26, 1952. This paper pre- 
pared for delivery before the Detroit Meeting, October 9 
to 12, 1951. The authors have kindly consented to a delay 
in publication so that the paper may appear in this Theo- 
retical Electrochemistry Issue. 


Maintaining the electrode potentials constant js 
most easily accomplished by keeping circuit re. 
sistance to a minimum. Alternative methods, jn. 
volving feedback mechanisms, have been tried, bu 
do not give very rapid control [see Lamphere and 
Rogers(1) and the literature therein cited]. The low- 
external-resistance method does away with elaborate 
electronic devices and moving parts, and has the 
advantage of being almost instantaneous in opera- 
tion. To be sure, it controls the voltage across the 
whole cell, but there is effective control over one 
electrode if the other electrode is a nonpolarizable 
one. 

Transient electrode effects have been known since 
the time of Ostwald at least [see Bartlett(2) for some 
pertinent references to the literature before 1945). 
The phenomena are of many different types, among 
which overshoot and oscillations are both conspicu- 
ous and mysterious. Various attempts at explana- 
tion have been made, but these have invariably been 
of a qualitative nature. Burton(3) constructed a theo- 
retical system within which materials could diffuse 
and react, and he showed that concentrations 
in such systems could overshoot. Ferguson and 
Bandes(4) studied the cell Pt | HSO,(2N) | Pt and 
remarked that ‘‘the cathode overshoots its norma! 
value at the start. The anode has never been ob- 
served to do this. It is probably due te a more rapid 
development of back emf at the anode which causes 
an excessive amount of the total applied potential 
to reach the cathode at these very low applied po- 
tentials.”’ This is an inadequate explanation, because 
(a) no reason is given as to why the back emf develops 
more rapidly at the anode, and (b) no prediction 1s 
made of the time course of the overshoot nor evel 
of how long it will last. Bartlett (2) surveyed the 
anodic transients for the cell Fe | H.SO,| Pt, and 
found overshoot, oscillations of the relaxation type, 
and pulsations. These transients resemble those 
found in biological systems, and a comparison was 
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made 1. a subsequent article by Bartlett (5). For 
more recent literature on anode behavior, one should 
consult the various articles listed at the end of this 
paper, the subjects of which are corrosion (6), polari- 
zation (7), electrolytic polishing (8, 9), electrolytic 
rectification (10), periodic phenomena (11), and pas- 
sivity (12). 

In the present paper, we wish to report on the 
teady state characteristics of the cell Fe | H.SO, 
(aq) | Pt, on observations of the anode surface with 
the aid of a microscope, and on the behavior of the 
cell current after it has been interrupted for a short 
time (less than 0.02. to 0.03 sec). 


APPARATUS 


The circuit employed in these experiments is shown 
semipictorially in Fig. 1. In all transient experi- 
ments, the electrolytic cell consisted of a 600 ml 
Pyrex beaker containing 300 ml of an aqueous solu- 
tion of sulfuric acid, into which were placed the two 
current electrodes and a reference electrode. No 
attempt was made to isolate the anode from the 
cathode because the cathode product, Hy, was also 
produced at the anode itself during off-time. Pre- 
liminary experiments were carried out in both air- 
saturated and oxygen-free solutions in order to 
determine the effects of dissolved oxygen on the over- 
shoot phenomenon and on the formation of the 
brownish, gelatinous anode coat. No qualitative dif- 
ferences in overshoot were apparent, and micro- 
scopic observations failed to show any changes in 
the anode coat due to dissolved oxygen. Conse- 
quently, in the work to be reported the more con- 
venient. air-saturated solutions were used. Unless 
otherwise noted, the acid concentration was | mole 
per liter (2N) and the temperature was 25°C. The 
anode structure consisted of a vertical brass rod 
with an L-shaped piece of 99.7 per cent pure analyti- 
cal iron wire 1.60 mm in diameter (Central Scientific 
Company) soldered into its lower end. Picein 105 
covered the entire assembly except for the end cross- 
section, A, of the iron wire, which constituted the 
anode surface. The anode surface was made hori- 
zontal and facing upward in order to minimize con- 
vection in the immediate vicinity of the anode, and 
to facilitate the escape of hydrogen bubbles formed 
during off-time. The cathode, K, was a 0.005 in. 
thick platinized platinum sheet, 3.0 em x 3.3 em, 
supported by a brass rod which was covered with 
picein, 

In most of the work, a 0.1 normal calomel half- 
cell was used as the reference electrode. To make sure 
that this was not a source of contamination, check 
experiments were made using as reference electrode 
amereury-mercurous sulfate half-cell [Hg | HgeSO,, 
H.SQ,(2N)]. The plot of steady state current against 
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anode-reference potential was found to be the same 
in the two cases, except that, as expected, the po- 
tentials with reference to the sulfate electrode were 
more negative by 0.27 v than the anode-calomel po- 
tentials. Furthermore, the response to interruption 
of the current for a short time was found to be pre- 
cisely the same for the calomel electrode as for the 
sulfate electrode, provided the two systems had 
the same previous history (for details see below). 

The cell geometry, i.e., the relative positioning 
of the anode, cathode, reference cell, and walls of 
the containing vessel, affects the cell current and 
the anode potential only insofar as it affects the re- 
sistance of the current path between anode and 
cathode and the JR drop between anode and refer- 
ence cell. In Appendix I it is demonstrated that 
almost all of the solution resistance is contributed by 
the solution in the immediate vicinity of the small 
anode, so that the resistance of the current path 


D.C Oscillograph 
Preamplifier 

Fic. 1. Cireuit used in transient studies. P—potential 

divider, S—switch, A—iron anode, K—platinized platinum 

“cathode, C—0.1N calomel electrode, r—current resistor, 

V—vacuum tube voltmeter. 


should be independent of the cell geometry, pro- 
vided that the cathode area is large compared to 
that of the anode and the distances between anode 
and cathode, and between anode and walls of the 
containing vessel, are large compared to the dimen- 
sions of the anode. Similarly, the IR drop due to the 
solution resistance should be independent of cell 
geometry, provided that the distance between the 
anode and the reference electrode is large compared 
to the dimensions of the anode. As expected, the 
transient and steady state behaviors were found to 
be relatively independent of cell geometry. 

Electrode potentials were measured with a Hewlett 
Packard model 410A vacuum tube voltmeter, V. 
Since this meter has a d-c input impedance of 100 
megohms, the current drawn by it had a negligible 
effect on the reference cell and the potentials being 
measured. The meter had a rated accuracy of 3 per 
cent of full scale, and the one-volt scale could easily 
be read to a hundredth of a volt (estimated to a 
thousandth). Although this means of measuring elec- 
trode potentials lacks the accuracy of the poten- 
tiometric method, it was sufficiently accurate for 
our purposes and afforded convenience and rapidity 
of operation. 
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A continuously variable source of emf with the 
lowest possible internal impedance was required for 
the electrolyzing potential, the low impedance re- 
quirement being imposed by the desire to make the 
electrolyzing potential relatively independent of the 
cell current. The primary source of power consisted 
of eighteen 2-volt, heavy duty lead storage cells 
(Willard) arranged in two batteries of 9 parallel 
cells each, the two batteries being connected in series 
to give a voltage of 4 v. The resulting battery was 
connected across a potential divider, P, consisting of 
a 21 turn helix of ';,-in. x '4-in. strap iron wound 
on a texolite cylinder 5 in. in diameter. The resistance 
of the potential divider was approximately 0.2 ohm 
at its operating temperature. This arrangement af- 
forded a source of electrolyzing emf which could be 
varied continuously from —2 v to +2 v, and had a 
maximum output resistance of approximately 0.5 
ohm with the moving contact of the potential divider 
set at its central position. 

The current passing through the cell at any given 
instant was measured by recording photographically 
the potential drop across the current resistor, r, of 
approximately 0.3 ohm. This potential drop (of the 
order of 10-* v) was preamplified by a d-c amplifier 
capable of voltage gains up to 2500, then fed into the 
horizontal d-e amplifier of a Dumont type 279 oscillo- 
graph. A specially designed 35-mm camera with film 
moving continuously in the vertical direction photo- 
graphed the current deflection, thus recording cell 
current as a function of time. Since the camera was 
driven by a synchronous motor through a chain- 
drive, it provided a very linear and easily calibrated 
time base. A gear shifting mechanism in the camera 
permitted film speeds of 1, 5, 10, and 50 in. / sec. 
At the conclusion of each experiment, calibration 
of the current-measuring system was accomplished 
by passing known currents (determined by meters 
which had been checked against a silver coulometer) 
through the current resistor, r, and recording the 
resulting deflections on the film along with the tran- 
sient data. In this way it was possible to eliminate 
all errors arising from nonlinearities in the amplifiers, 
the cathode ray tube, and the camera optics. The 
reduction of the photographic data was accomplished 
with the aid of a microfilm reader giving magnifica- 
tions up to 13 diameters. 

In earlier work (2) the switch, S, consisted of a 
hand-actuated SPST microswitch, which proved to 
be quite satisfactory in the study of long off-time 
phenomena. At off-times of the order of 0.1 see and 
less, however, there was a tendency toward erratic 
behavior on the make at the end of off-time. This 
was attributed to contact bounce resulting from too 
vigorous actuation of the switch. The present tran- 
sient studies required a switch giving continuously 
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variable off-times with positive action on oth the 
make and break. This requirement was mv: with , 
SPDT toggle type of switch designed to ui ilize thy 
transit time of the pole between the two coi tacts 
the off-time. The distance between the contacts eou\ 
be varied continously to give off-times from less than 
0.005 see up to 0.035 sec. For work requiring precisy 
cycling of the cell, i.e., the series repetition of a giver 
off-time and on-time, it was necessary to constrye 
a motor-driven switching device. Briefly, the motoy. 
driven switch consisted of two cam-actuated micro. 
switches, one of which initiated the off-time, thp 
other terminated it. By separating the functions jy, 
this manner, it was possible to go to fairly short of. 
times with a minimum of contact bounce. The phase 
angle between the cams could be adjusted to give 
a continuous variation in off-time from 0.01 see t 
0.28 sec. Rheostats in series with the field and arma. 
ture of the shunt-wound motor permitted continuoys 
variation of the on-time from about 1 see to ap- 
proximately 3 sec. 


EXPERIMENTAL 


The Steady State 


Once the electrode has reached the point where 
the current does not vary with time, it is relatively 
easy to make electrical and optical observations on it. 
For this reason, such observations will be discusse:| 
first. 

When a freshly filed iron anode is placed in a solu- 
tion of 1. H.SO, it immediately assumes a potentia! 
of about —0.65 v with respect to a O.1N calome! 
reference electrode. Then if switch, 8, (Fig. 1) is 
closed (external circuit resistance 0.5 ohm) and po- 
tentiometer, P, is adjusted to give an anode-calome! 
potential of —0.65 v, no current will flow throug) 
the cell. If now the anode-calomel voltage is made 
more positive in steps of, say, 0.05 v, allowing a! 
least one minute for the current to assume a steady 
value after each voltage change, the current vs. 
anode-calomel voltage curve will be as shown by 
curve A, Fig. 2. At —0.65 v there is vigorous ga 
evolution at the anode (presumably pure H, result- 
ing from acid action). The gas evolution decreases 
steadily as the voltage is increased until at a voltage 
in the region of —0.4 v it is, for all practical purposes, 
completely stopped. Coincident with the cessation 
of gas evolution, the current drops to about one- 
third or one-fourth of its peak value, where it re- 
mains fairly constant as the voltage is increased to 
0.08 or 0.09 v. At this voltage (very critical) periodic 
activity sets in. This activity consists of curren! 
bursts occurring at intervals depending markedly 0! 
the voltage, the repetition rate decreasing from the 
order of 100/min at 0.09 v to the order of 1/min at 
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0.13. At about 0.15 v the current pulses cease (or at 
least become less frequent than | per 5 min) and the 
current decreases gradually as the voltage is in- 
creased until at about 0.3 v it is negligibly small 
(less than 0.1 ma). The anode is now in the passive 
state, and no appreciable current flows with increas- 
ing voltage until 1.4 v is reached. At this voltage gas 
evolution begins at the anode (presumably pure O. 
resulting from electrolytic decomposition of water) 
and the current increases rapidly with increasing 
voltage. 

If the previous procedure is now reversed by start- 
ing at the higher voltages and decreasing the voltage 
in steps, Waiting for a steady state to be reached after 
ach voltage change, the current vs. anode-calomel 
voltage dependence will be as shown by curve B, 
Fig. 2. The two curves are either coincident or nearly 
so for all voltages above approximately —0.2 v. At 
about —0.4 v the current rises slightly before de- 
creasing With decreasing voltage, and gas evolution 
begins, increasing in vigor as the voltage is decreased. 
Increasing voltage always gives rise to curve A, while 
decreasing voltage gives rise to curve B. By running 
the voltage up and down rapidly between, say, —0.55 
v and —0.1 v it is possible to describe repeatedly a 
closed loop in a current vs. voltage plot, the loop 
being bounded on the top by a curve such as A and 
on the bottom by a curve such as B. 

From Fig. 2 it is seen that the behavior of the 
anode can be classified broadly according to the 
voltage region in which it is operating: below 0.08 
v it is “active,” above approximately 0.3 v it is 
“passive” and in the ‘“‘transition”’ region, 0.08-0.3 v, 
pulsations occur. In this paper we are concerned 
primarily with the active region. 

It should be pointed out that the current carried 
by an active anode is quite stable over a period of 
time (with an exception to be discussed below), and 
the anode will remain active indefinitely, provided 
that the external resistance is very low and the source 
of electrolyzing emf is less than about 0.6 v on open 
circuit. If the external resistance is appreciable, any 
polarization process that tends to reduce the cell 
current will also cause an increase in the voltage 
across the cell (because of reduced JR drop external 
to the cell). This increase in voltage may either 
initiate a new process or accelerate the original po- 
larizing process, with the result that the current 
may be further reduced and the voltage further in- 
creased, eventually causing the anode to become 
passive if the anode-calomel voltage can exceed about 
0.2 v. It is in this respect that the present technique 
differs essentially from those of previous workers. 
By making the external resistance very small, it is 
possible to make the anode-calomel potential rela- 
tively independent of the cell current, with the result 
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that the anode can sustain indefinitely an apparent 
C.D. of the order of 200 ma/cm? without being 
passivated. 

The curves of Fig. 2 are quite reproducible in 
the transition and passive regions, but somewhat 
less so in the active region. In any given experiment, 
the shape of the curves will be as shown in Fig. 2, 
but the exact values of the currents will differ some- 
what from experiment to experiment. 


Observations with Microscope 


In the course of recent experiments employing : 
low power (65) microscope to study the surface 
of the anode, certain phenomena were observed that 
may account for the lack of reproducibility in the 
active region. 

In traversing curve A of Fig. 2, i.e., increasing the 
voltage from —0.65 v, one observes at the lower 
voltages, where gas evolution occurs, that the anode 


i 
Oxygen__ 
Evolution z 14 Evolution 
SHO 
© Periodic ~Pnencmeno 
f Sle 
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= 4 


Anode-Calome! Potential (volts) 


Fig. 2. Typical dependence of steady state current upon 
anode-calomel voltage. Anode area = 2.0 mm?. 


is metallic gray, badly pitted, and presents a very 
jagged appearance, with gas bubbles streaming pro- 
fusely from the pits and surface. Near the peak of 
curve A, the anode begins to turn black. Coincident 
with this change there is a marked decrease in the 
gas evolution and the current begins to decrease with 
increasing voltage. At slightly higher voltages, the 
current becomes relatively independent of the volt- 
age, the anode loses its jagged appearance, becoming 
relatively smooth, and the black coat gives way to 
a thick brownish coat. This brownish coat, because 
of its apparent effect on the stability and repro- 
ducibility of the steady state current in the active 
region, merits a more detailed description. 

With an anode-calomel voltage of —0.2 v, the 
brownish coat seems to form first as a thin (probably 
less than 0.01 mm), transparent film covering the 
entire surface of the anode. Under the action of 
convection currents and occasional bubbles, this thin 
film soon (within a few minutes) rips in one or more 
places exposing a sizeable portion of the anode sur- 
face. The “flap” thus formed then folds or curls up 
in a loose roll that generally extends out from the 
anode surface approximately 0.1 mm. While this 
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process is going on, the intact portion of the layer 
seems to increase in thickness and irregularity, and 
black spots slowly form at random on the surface. 
Trapped bubbles occasionally break loose, carrying 
with them pieces of the layer, and now and then a 
piece falls away apparently as a result of the pull 
of gravity (probably aided by convection). As a re- 
sult of this random growth, breaking up, and re- 
agglomeration of the original layer, a ragged, ir- 
regular brownish coat is formed, having a gelatinous 
appearance, and a maximum thickness of the order 
of 0.1 mm. While this coat is being formed the cell 
current drops more or less steadily, until finally the 
coat, which appears to be impervious to the acid, 
reaches an equilibrium state wherein its rate of 
mechanical deterioration balances its rate of forma- 
tion and the cell current becomes relatively steady. 
The time required for mechanical equilibrium of the 
coat to be established amounts to about 10-20 min. 
The removal of a portion of the coat by any of the 
above mentioned agencies is accompanied by an 
abrupt increase in the current, the current rise being 
greater the larger the portion removed. Thus, since 
the coat is undergoing continual change, the steady 
state current of the cell (with the anode active) con- 
sists of random (in both time and magnitude) vari- 
ations about some fixed value. This fixed value varies 
somewhat from experiment to experiment, appar- 
ently depending upon the mechanical equilibrium 
configuration attained by the anode coat. Wherever 
the anode surface can be viewed through the brown 
coat, it appears to have a “swarming” motion, the 
appearance being somewhat analogous to that of a 
gray table top swarming with ants and viewed from 
a great distance. The volume in which this motion 
takes place lies close to the anode, probably extend- 
ing out from the anode less than 0.01 mm. 

At voltages immediately below the transition re- 
gion, formation of the brown coat appears to stop, 


the coat (formed at lower voltages) loosens and be-_ 


comes very susceptible to removal by convection, 
gravity, etc. With the coat’s removal, the anode 
surface becomes relatively clear except for scattered 
black spots. The “‘swarming”’ appearance characteris- 
tic of the active region persists. 

At voltages in the transition region, the appearance 
of the anode is much the same as it is at voltages 
slightly below the transition region except for an 
additional effect associated with periodic activity. 
With each burst of current, the surface of the anode 
appears to “twitch,” the “twitch” apparently co- 
inciding with the drop in current at the end of the 
current pulse. This “twitch” is probably best de- 
scribed as a brief change or discontinuity in the 
“swarming”? motion characteristic of voltages in the 
active region, and appears to be confined to a volume 
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extending out from the anode less than (0) ()] mm. 
The “twitch” is propagated across the face of the 
anode, starting from the bottom in tie cuse of a 
vertical anode. Coincident with each curren| pulse, 
small flakes of the black material previously forme) 
on the anode are observed to fall away from the face 
of the anode. 

When the voltage is raised to the point wher 
the anode becomes passive, there are no “swarming” 
or “twitching” motions, and there is no coat oy 
layer (so far as can be seen with 65X magnification) 
that is in a process of formation or deterioration— 
there are no visible signs of activity of any kind, 

For every voltage region, the anode has such , 
definite and characteristic appearance that the volt. 
age region in which it happens to be operating cay 
be readily identified by direct microscopic obserya- 
tion of the anode surface alone. 


Cell Current (milhomperes) 


Time (sec) 


Fic. 3. Dependence of short off-time transients upon 
length of off-time. The off-times are: (1) 0.006 sec, (2) 0.009 
sec, (3) 0.014 sec. Anode-calomel voltage = —0.2 v. Anode 
area = 2.0 mm?. 


Transients Produced By Total Switching 


If the cell current is interrupted briefly, i.e., for 
less than approximately 0.03 sec, by opening and 
closing switch 8, Fig. 1, while a steady state current 
is flowing, the current, after dropping to zero for the 
duration of the interruption, jumps to an initial 
value considerably greater than the steady state 
value, deeays rather rapidly to a minimum somewhat 
lower than the steady state value, then rises slowly 
to the original steady state value. Typical curves 
for an active anode are shown in Fig. 3, time being 
reckoned from the end of the current interruption 
(off-time). 

If; for a given off-time, the initial current, the 
steady state current, and the minimum current are 
plotted as functions of the anode-calomel voltage, 
a set of curves such as given in Fig. 4 is obtained. 
Thus, when the circuit is closed at the end of off- 
time, the current jumps initially to point a (Fig. 4), 
decays along the dotted line fairly rapidly to point 
b, then rises along the dotted line more slowly to 
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point «, the value of the steady state current before 
interruption. The time dependence of this current 
transicnt is shown in Fig. 3. It is to be noted that 
the i, curve of Fig. 4 corresponds to curve B of Fig. 2, 
and that the cessation of overshoot’ of the type 
shown in Fig. 3 appears to coincide with the begin- 
ning of gas evolution at about —0.4 v as the voltage 
‘s decreased and with the onset of periodic activity 
at 0.08 v as the voltage is increased. Since the maxi- 
mum overshoot occurs about halfway between these 
two values, it was decided to conduct the transient 
studies with an anode-calomel voltage of —0.2 v. 

It should be pointed out in passing that Fig. 4 
can also be used to obtain information pertaining 


On Load Line 
Current (milliamperes) 


Cell 


tivit 


Anode-Calomel Voltage (volts) 
Fig. 4. Voltage dependence of initial current (7,), steady 
state current (7,), and minimum current (7,,) for an off-time 
of 0.03 see. Anode area = 2.0 mm?. 


to the cell transients occurring when the circuit 
resistance is not negligible. By drawing a “‘load- 
line,” corresponding to the circuit resistance, through 
the point representing the steady state, one can de- 
termine the initial current and, to a first approxi- 
mation, the minimum current of the transient from 
the intersections a’ and b’, respectively. The time 
dependence of such transients is, however, more 
complicated than that shown in Fig. 3 and will not 
be discussed in this paper. 

In order to obtain reproducibility of successive 
transients, it is found that the immediate history of 
the anode must be faithfully reproduced for each 
transient. This requirement can be met by cycling, 


. 

* Experiments with an anode sleeve showed that convec- 
ion does not exert an important influence on the overshoot 
phenomena deseribed in this paper. 
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i.e., the series repetition of a given off-time and 
on-time. As pointed out in the section on apparatus, 
cycling was accomplished in these experiments by 
means of a motor-driven switching device. Cycling, 
however, does not completely solve the problem, 
for it is found that transients resulting from off- 
times greater than about 0.03 sec still cannot be 
reproduced with a great degree of accuracy. Further- 
more, although the individual transients in a series 
of, say, a dozen transients produced by short off- 
times are found to be exact reproductions of each 
other, they are not very accurate reproductions of 
transients recorded several minutes earlier or later. 
Partial clarification of the problem of reproducibil- 
ity is to be found by examining the anode surface 
with a microscope. 

Under a low power microscope (65X) it is seen 
that gas evolution begins immediately after the 
circuit is broken at the beginning of off-time, and 
ceases soon after the circuit is closed at the end of 
off-time. During off-time the gas bubbles play havoc 
with the brownish anode coat, tearing it, shifting 
it, and even removing it entirely if the off-time is 
great enough. Because of its loose and haphazard 
nature, the brownish coat never returns to the con- 
figuration it had before the current interruption. 
Therefore, it is not surprising to find that long off- 
time transients are not exactly reproducible. As the 
length of off-time is decreased, however, the disrup- 
tive effects of gas evolution also decrease. This is 
due to the fact that the bubbles act upon the coat 
for a shorter time and also because the gas evolution 
is less vigorous at the beginning of off-time. If the 
off-time is sufficiently short, no visible gas evolution 
occurs during the current interruption and the 
brownish coat on the anode appears to be unaffected. 
Under these circumstances it is found that the in- 
dividual transients of a short series of transients 
are exact, reproductions of each other, the variations 
occurring Over longer series of transients apparently 
resulting from the slow, random changes character- 
istic of the brown coat. 

It is important to note that overshoot manifests 
itself at the surface of the anode as a change in the 
“swarming” motion that is so characteristic of an 
active anode. The change, difficult to describe, is 
accompanied by an apparent change in the intensity 
and color of the light reflected from the surface of 
the anode, and appears to be in phase with the cur- 
rent transient as observed on the oscilloscope. These 
changes, intimately associated with the anode, are 
the only visible effects that a short off-time has at 
the anode surface. 

As can be seen from Fig. 3, the length of the off- 
time has a marked effect upon the resulting tran- 
sient. In particular, we note that the initial current, 
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the minimum current, and the time required to 
reach the minimum current, all have a pronounced 
dependence on the off-time. These quantities are 
plotted as functions of off-time in Fig. 5 for a wide 
range of off-times. 

A more complete description of the transients 
and their off-time dependence is afforded by an 
empirical equation of the form 


i= Ae — Be *** + i, (I) 


where 7 is the cell current at time, ¢, after the end 
of off-time, and A, B, i, , ki , and ks, are all positive 


2 
4 
F 
20+ 
ig» Initial Current 
3 
= Time To Minimum 4,2 
- 3 
19) 2 4 6 8 


Off-Time (sec. ) 


Fic. 5. Off-time dependence of initial current (7,), mini- 
mum current (i,,), and time required to reach the current 
minimum, for an anode-calomel voltage of —0.2 v. Anode 
area = 2.0 


TABLE I. Values of constants appearing in equation (1), 
determined for an anode-calomel voltage of —0.2 v, and 


a temperature of 23°C. Anode area = 2.0 mm?* 
| A B | 
Off-time | A B ke | ki te | koA 
(sec) | (ma) (ma) | (ma) | (sec!) | (sec™*) (milli- (milli kB 


coulomb) | coulomb) | 


0.006 | 13 | 


1.6 | 2.1 | 128 0.10 | 0.076 | 1.3 
0.009} 17 3.4/2.1) 67/15 | 0.25 | 0.28 
0.014 | 21 | 7.1) 2.3} 40 | 14 | 0.53 0.51 | 1.0 
0.018 | 18 | 3.4/2.4] 36 | 7.0! 0.50 | 0.49 | 1.0 
0.023 | 20| 3.91 2.2| 35 | 6.6| 0.57 | 0.59 | 1.0 
0.026 | 20 | 3.7/2.0! 32 | 34] 0.63 | 1.1 0.6 
0.035 | 20) 3.5|2.0| 35 | 6.4] 0.57 | 0.55 | 1.0 


quantities. The steady state current, 7, , is indepen- 
dent of off-time. The other quantities depend upon 
off-time and a statement of these dependences to- 
gether with (I) constitutes a complete description 
of the transients at various off-times. Equation (1) 
is a very good representation of the transients oc- 
curring at all voltages where pronounced overshoot 
occurs and for all off-times less than about 0.03 
sec. Typical values of the constants appearing in (1) 
are given in Table I as a function of off-time for 
an anode-calomel voltage of —0.2 v. These con- 
stants also show a marked dependence upon the 
anode-calomel voltage. Approximate values of 
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and as functions of anode-calomel volt:ce 
given in Table IL for an off-time of 0.005 second. 
The voltage dependences of 7, and of 


are 


are given in Fig. 4. The temperature dependences 
of these constants have not been studied in detail 
as yet. 


TABLE II. Dependence of ky and kz upon voltage for an 
off-time of 0.005 sec and a temperature of 23°C 


Anode-calomel voltage ki (sec™) ke (sec™) 


— .40 94 = 


— .35 110 

— .30 94 — 
— .25 129 21 
178 26 
— .15 483 14 


DiscuSsSsION 

The above results give rise to several questions, 
to some of which at least a partial answer can be 
given, while for others there are indications that 
further work will lead to a quantitative explanation. 
Among other things, one would like (a) to account 
for the observed dependence of steady state current 
upon voltage, (b) to predict what the initial current 
and its rate of change will be, after a period of in- 
terruption, as a function of the off-time, (c) to know 
under what circumstances overshoot will occur at 
an anode, and (d) to obtain a kinetic description 
which will allow a quantitative prediction of how the 
current transients will depend upon the time. 

The clue to the direction in which to proceed seems 
to be provided by experiments, which were made 
subsequently to those reported above, on the be- 
havior of a copper anode in hydrochloric acid. In 
this case it has been shown that the transient be- 
havior is due to the formation of a resistive layer, 
presumably cuprous chloride. Since the phenomena 
observed for iron in sulfuric acid are to a great 
extent similar to those found for copper in hydro- 
chlorie acid, it is natural to suppose that there is a 
resistive layer on the iron anode. The central prob- 
lem then is to determine how this resistive layer is 
formed or removed, and this problem can be at- 
tacked profitably by electrical or optical methods, 
or both. 

The observed transient currents cannot be at- 
tributed to the charging or discharging of the usual 
electrical double layer. From Table I, we see that 
the transient charge is 5 X 10~ coulomb = 15 X 10° 
esu. This corresponds to the charge on 3 X 10" 
singly charged ions. Assuming an ion to occupy a 
minimum volume of 3 this number of 


"4 
Su 
ha 
th 
to 
co 
aul 
on 
se 
iC 
to 
| en 
be 
te 
th 
| (I 
| ol 
a 
is 
| 
t 
fe 
0 
| a 
| | 
- ( 
I 


Nees 
etail 


an 


ions, 
n be 
that 
tion. 
ount 
‘rent 
‘rent 
in- 
now 
r at 
tion 
the 


nade 
be- 
In 
he- 
iver, 
nena 
reat 
dro- 
is a 
rob- 
er is 


ods, 


sual 
that 
10° 

10" 


er of 


[ (i — i,) dt = —(A/ky)e*" 
0 


Vol. 99. No. 1 2 


ions Would occupy volume of at least 10-7 
since te anode has an area of 0.02 cm’, a layer would 
have to be 5 X 10° em thick, or 300 ions deep, at 
the miuimum. Such a layer would have a thickness 
considerably greater than that ordinarily attributed 
to double layers. An even more striking argument 
concerns the decay time of the transient. Assuming 
an electrode capacity of 10 uf/em*, the capacity of 
the anode is 0.2 yf. Since the circuit resistance is 
only of the order of one ohm, the time constant is 
02 usec, and the charging transient is over in 10~ 
seconds. The transients studied in this paper require 
i0-! seconds or more for completion. 

The internal resistance, r, of the cell (from anode 
to calomel) may be found by means of interruption 
experiments. The anode-calomel potential, V, may 
be regarded as made up of three parts: (a) the po- 
tential for zero current, (b) the overvoltage, and (c) 
the ohmic potential drop. We shall lump (a) and 
(b) together as e(i), so that V = e(z) + ir. The decay 
of the ohmic potential takes place in less than a 
microsecond (13), while the value of e(7) decreases 
at a much slower rate. In the copper system, there 
is a very clear-cut separation of these two decays. 
The change in ¢(7) appears to be due mainly to 
changes in the nature of the anode layer, although 
there may be some contribution from diffusion ef- 
fects. Further studies need to be made on iron, but 
one can say that for active iron, e(7) decays rapidly 
and that the ohmic drop is quite evident, but that 
for passive iron e(t) changes more slowly and seems 
to mask completely any ohmic drop. 

Interruption experiments may enable us to find 
how the electrode potential, e, and the resistance, r, 
vary as a function of time. The value of 7 will be 
determined by what ¢« and r are at the time the 
circuit is remade. From Fig. 5, it is seen that the 
value of 7, has become steady after 0.1 sec. This 
may mean that both r and ¢ have reached their 
steady values, but this needs to be confirmed by 
special experiments. 


Flow of Charge 
Since the steady state current is not a contributor 
to the building-up of the layer, we shall consider 
the effect. of the current i — 7, . If we integrate equa- 
tion (I) with respect to time, we have 


(IL) 


+ (B/ky)e*** | (A/ky) (B/ke) 
10 
The first term on the right-hand side is the amount 
ol charge which flows into the solution from the 
anode and the second term is the amount of charge 
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which flows (more slowly) in the opposite direction. 
From Table I, it is seen that these two amounts of 
charge are equal, and that the total charge which 


flows J idt) equals the charge which would flow 


if the system were in the steady state d i, dt). The 
physical basis for this is still obscure. 


Formation and Removal of the Layer 


The construction of an adequate kinetic descrip- 
tion of the anode phenomena which we have ob- 
served seems to hinge on knowing how the resistive 
layer can be formed and later removed. In the cop- 
per system, for moderate external resistance, growth 
of the layer usually starts at random spots (ridges) 
on the anode and is a sideways affair. (This has been 
demonstrated by cine photomicrography at the rate 
of 64 frames/sec.) However, when R = 0, the cur- 
rent vs. time curve indicates that the layer is grow- 
ing in depth (thickness). Further experiments with 
rapid photography of the surface should show pre- 
cisely what happens, and should in particular answer 
the question as to just how overshoot occurs, and 
whether or not it is linked with sideways growth. 

When the applied field is removed, the layer 
comes off, both in iron and in copper. This has been 
studied more thoroughly in copper, where it is ob- 
served that, after interruption, « remains approxi- 
mately constant (is on a plateau) for a while and 
then drops in a sharp S-curve to a new value. The 
time spent on the plateau is greater the greater the 
initial value of the voltage. One might suppose that 
this electrical change is correlated with dissolving 
of the layer by the acid, but this is not borne out 
by visual observation, which shows that the layer 
seemed to remain intact for at least two seconds 
in one case, while the electrical change was com- 
pleted in about 0.05 sec. This electrical change is 
accompanied by a sudden whitening, which may be 
due to some sort of Kerr effect. 

The steady state will be reached when the re- 
actions tending to form the layer are proceeding at 
a rate equal to that of the reactions tending to 
remove the layer. These in turn depend on the con- 
centrations of the various ions or molecules present, 
and the rates of supply of these must be equal to 
the rates of removal. 

The general subject of formation of layers on 
surfaces has received a good deal of attention (14-17), 
both experimentally and theoretically. The present 
work stresses the importance of further development 
in this field, and it seems fairly certain that this will 
bring definitive and complete answers to the ques- 
tions raised at the start of this discussion. 
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APPENDIX I 

An interesting property concerning the solution 
resistance between two electrodes can be demon- 
strated by first considering the simple case of two 
concentric spherical electrodes having radii a and 
b, with an electrolyte of specific resistivity p between 
them. Clearly, the total resistance between the elec- 
trodes is just the sum of the resistances of spherical 
shells of thickness, dr, where the resistance of one 
such shell is 


(aR); 


Thus, the total resistance between a and 6 is just 


r=b b 


As the radius of the outer electrode becomes large 
compared to that of the inner electrode, the total 
resistance approaches the finite value (p/47a). 

Now let us consider the resistance between two 
widely separated (nonconcentric) spheres, having 
radii a and a’, which are immersed in an electrolyte 
of specific resistivity p. From the above result, the 
resistance contributed by sphere a will be O(p/4a), 
that is, “of the order of” (p/4ra), and that con- 
tributed by sphere a’ will be O(p/4za’). The total 
resistance will, therefore, be 


(,°,) + 


In the case where a < a’, O(p/4ra) > O(p/4na’), 
and we get the interesting result that 


= p 
= 


Thus, the solution resistance between two widely 
separated spherical electrodes, one of which is much 
smaller than the other, depends only on the size of 
the smaller electrode and not upon the separation 
of the electrodes. The major portion of this resistance 
is contributed by the solution lying within a sphere 
concentric with the smaller electrode and having a 
radius ~10 times that of the smaller electrode. Evi- 
dently this result can be generalized to include elec- 
trodes of arbitrary shape, provided only that the 
dimensions of one of the electrodes are much smaller 
than those of the other, and that the separation of 
the electrodes is large compared to the dimensions 
of the smaller electrode. 


SUMMARY 


1. Various phenomena associated with the steady 
state in the cell Fe | HSO,(2N) | Pt have been dis- 
cussed with particular emphasis on the factors gov- 
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erning reproducibility. The formation of a }), oWnish 


gelatinous coat is observed, but its impori nce 


is 


obscure, and it appears to have no direct eff; upon 
transients produced by short off-times. 


2. An empirical equation has been found which 


represents the short off-time transients over « rely. 
tively wide voltage range. 


3. The transients are discussed using the assump. 


tion that a resistive layer is primarily responsible 
for them. The formulation of the kinetics of the 
formation and removal of such a layer appears to 
require extensive optical experimentation. 
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The Electrochemical Behavior of Aluminum 


itt. In Buffered and Alkaline Solutions of Potassium Ferricyanide and in 


Sodium Hydroxide! 


J. V. Perroce.ui 


The Patent Button Company, 


ABSTRACT 


A study has been made of the reactivity and polarization characteristics of pure 
aluminum in buffered and alkaline solutions of potassium ferricyanide and in sodium 


hydroxide. Electrode potentials, weight loss 


sented; it is shown that the reaction of aluminum with these electrolytes may be inter- 
preted from an electrochemical point of view. The analysis of the polarization behavior 
is based on the theory of the ‘“‘mixed potential. 


INTRODUCTION 


This work is a continuation of a general investiga- 
tion on the electrochemical behavior of aluminum 
in solutions containing oxidation-reduction systems 
(1). The present study involves buffered and alka- 
line solutions of potassium ferricyanide and sodium 
hydroxide; the experimental approach and the in- 
terpretation of the data follow along the same lines 
as those previously developed. Although the theory 
of the “mixed potential” has already been treated 
in some detail (1), the curves shown in Fig. 1 are 
presented in order to facilitate the interpretation of 
the experimental results reported. The curves f, and 


/, in this figure are what we call the “real’’ polariza- 


tion curves for the cathodic reaction and the anodic 
reaction, respectively. These curves include portions 
which are sometimes designated self-polarization 
curves (2). The open circles and dashed curve are 
an experimentally obtained polarization curve on 
this system and what we call the “external polariza- 
tion curve.” J, and 7, are the externally applied 
anodic and cathodic currents, respectively, i, is the 
total anodic current and 7, the total cathodic cur- 
rent. 


EXPERIMENTAL 


Materials and apparatus.—Pure aluminum (99.99) 
in the form of rolled sheet (0.25 mm thick) was used 
in the experiments. All the solutions were made 
up with redistilled water and reagent grade chemi- 
cals: the compositions are given in Table I. The ap- 
paratus and the experimental conditions were identi- 
cal to those previously given (1) except for the 
experiments in strong alkaline solutions and the 


‘Manuseript received Aprill 22, 1952. This paper pre- 
pared for delivery before the Philadelphia Meeting, May 
to 8, 1952. The author has kindly consented to a delay in 
publication so that this paper may appear in the special 
Theoretical Eleetrochemistry Issue. 


Waterbury, Connecticut 


data, and polarization curves are pre- 


” 


temperature control. Since the dissolution rate of 
the aluminum is relatively high in these latter solu- 
tions, larger volumes of solution (one to two liters) 
were used in open beakers. All of the experiments 
were run at room temperature which was generally 
26°C + 1°C. 

Procedure-—The aluminum was polished with 
#0000 paper using a kerosene paraffin mixture, 
cleaned in a hot mixture of alcohol and acetone and 
then in redistilled water. Great care was taken not 
to leave any abrasive particles imbedded in the sur- 
face. All but a defined area of about 1.0 to 2.0 cm? 
wis coated with an insulating lacquer. In some of 
che weight loss experiments the exposed area was as 
much as 10 cm’. 

In general the experimental procedure was the 
same as previously used (1). Aluminum specimens 
were submitted to external polarization, and the 
electrode potential and external current density re- 
corded. Bright platinum electrodes of the exact shape 
and size as the aluminum electrodes were placed in 
the cell in exactly the same position and polarized 
in order to obtain the limiting diffusion current of 
the oxidation-reduction system in each solution. 

The “real” polarization curves for the reduction 
of K;Fe(CN),. on aluminum and the dissolution of 
the aluminum were obtained by the weight loss 
method as follows: for any given solution a series 
of aluminum specimens were used; each specimen 
was polarized at a predetermined constant potential 
for a given time. The potential was held constant 
by means of a potentiostat, and the external current 
recorded by both a milliammeter and coulometers. 
At the end of the experiment the weight loss of the 
aluminum was determined. Since, at a constant po- 
tential, the external polarizing current initially varies 
rather rapidly with time finally becoming constant, 
the time of exposure was chosen so that the current 
I was approximately constant for about 90 per cent 
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of the time. The actual value of J used was obtained 
from the coulometers. The results were interpreted 
as follows: for any given electrode potential, the 
external current density gives /. or J, , depending 
upon whether the specimen was cathodically or an- 
odically polarized; the weight loss corresponds to 
ig, and i, = t, + 7, where the plus sign is for ex- 
ternal cathodic polarization and the negative sign 


Cunrenr 


Fic. 1. Polarization curves for an ‘‘active’’ metal and 
an oxidation-reduction system. (See text for explanation.) 


TABLE I. Solution Composition 


Buffer 
| 0.25 HAC NaAC 3.4 
2 0.25 HAC NaAC 8.3 
Buffer 
3 0.25 H,BO,; NaOH 9.3 
4 0.25 H,BO,; NaOH 10.0 
5 0.25 H,BO, NaOH 10.8 
6 0.25 H,BO,; NaOH 11.5 
7 0.25 0.1N NaOH - 
8 0.50 0.1IN NaOH 
9 0.50 0.25N NaOH — 
10 0.50 0.50N NaOH | — 
0.0 0.10N NaOH 
12 0.0 0.25N NaOH - 
13 0.0 0.50N NaOH — 


* In most solutions there was an equivalent amount of 
K,Fe(CN).¢ present. 


for external anodic polarization. These values were 
used to construct the “real’’ polarization curves for 
the system. 

Open-cireuit potentials are designed as E°, and all 
currents are given as current density per square 
centimeter of apparent surface area. 

All values of electrode potentials are given with 
reference to the saturated calomel electrode. 


RESULTS 


Behavior in bu [fered solutions of K,Fe(CN). ; pH 3.4 
fo 11.4.—Solutions 0.25M in K;Fe(CN), and 
K,Fe(CN)s were buffered with HAC and NaAC 
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or H;BO; and NaOH in order to obtain so} ‘ions 
the pH range of about 3.0 to 12.0. In all cases thy 
total buffer concentration was about 1.0M a). | server 
also as a supporting electrolyte. 

The open-circuit potential of platinum, /°, w,, 
+0.24 v in all solutions containing equal corcentrs. 
tions of KyFe(CN). and K;Fe(CN)., and +0.05 
in those which only contained K3Fe(CN)¢. ‘The lim. 
iting current densities (/.)¢ and (/,)4 on the platinuy 
electrode varied somewhat in the different goly. 
tions. All values, however, were very close to 6() 
ma/em*, except for solutions 5 and 6, where they 
were about 7.0 ma/cm? and 9.0 ma/cm?, respectively. 
The exact values obtained in each instance are not 
reported, since approximate values suffice for the 
purpose of comparison with the results obtained oy 
aluminum. 

Generally, any one aluminum specimen assumed 
a fairly steady open-circuit potential, E°, withiy 
ten to twenty minutes; there was, however, a varia- 
tion from one specimen to another. Except for solu- 
tions whose pH was 10 or less, these variations 
amounted to only a few centivolts. At pH of 10 or 
less, E° assumed a value between +0.2 v and —02 
v. At pH 10.8, E° was about —0.65 v while at pH 
11.5 it was about —0.75 v. 

When aluminum was cathodically polarized after 
the steady potential had been established in solu- 
tions 1 through 4, the limiting current density, 
l.c.d., for the ferricyanide reduction was very low, 
in some cases of the order of wa/cm?*. It was found, 
however, that if the polarization was performed 
rapidly and as soon as possible after the specimen was 
immersed in the solution, a matter of one or two 
minutes, a well-defined curve could be obtained 
with an l.c.d. of as high as 5.5 ma/em* in some cases. 
Subsequent polarizations showed that the lL.c.d. de- 
creased raiher rapidly with time reaching a value 
of the order of wa/cm? as a limit. 

The results obtained in solution 3 (pH 9.3) are 
shown in Fig. 2; these curves are typical of the be- 
havior in solutions 1 through 4. Generally, all speci- 
mens showed about the same behavior in solutions 
3 and 4; whereas, in solutions 1 and 2 the Le.d. on 
immediate immersion varied considerably from one 
specimen to another. In these latter solutions the 
limiting current density was never found to be as 
high as those at the higher pH, and the rate of its 
decrease with time was much greater, reaching the 
order of magnitude of wa/cm? in less than one hour. 

At pH of 10.8 and 11.5, well-defined cathodic 
polarization curves for the reduction of ferricyanide 
were obtained. The curve and the Lc.d. were constatt 
with time, and reproducible. The l.c.d. was about 
the same as that obtained on platinum, 7 ma/cm’, 
in solution 5, and 8 ma/em? in solution 6. A typical 
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result ootained at pH 11.5 is shown in Fig. 3. It may 
be see! that the curve obtained 19 hours after im- 
mersio!: is practically identical to the one obtained 
3) minutes after immersion. 

It was not possible to detect any change in the 
appearance of the aluminum surface by visual means 
after it had been exposed to the buffer solutions, and 
either allowed to remain at open circuit or cathod- 
ically polarized. 

When the aluminum is anodically polarized in any 
of these solutions, the current begins to rise at about 
+1.0 v, reaches a maximum at about +1.5 v and 
then rapidly decreases to very low values at about 
42.0 v. The maximum value was dependent some- 
what on the particular specimen and the pH, but 


+ T T 
K3Fe CN" 
“ pH=9.3 
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Fig. 2. External cathodic polarization curves for alumi- 
num in solution 3. O—2 min after immersion; A—26 min 
after immersion; O—45 min after immersion; @—63 min 
after immersion; A—112 min after immersion; and J§—183 
min after immersion. 


in general it was in the neighborhood of about 1.0 
to 2.0 ma/em*. At +2.0 v the current fell to only 
a few wa/em?, 

Some experiments were run in pure buffer solu- 
tions without the presence of ferricyanide and ferro- 
cyanide. The general behavior was the same, except 
that the maximum values were somewhat higher. 
Weight loss measurements in the vicinity of the 
maximum current indicate that the anodic reaction 
does not involve the dissolution of aluminum to any 
appreciable extent. 

Anodic polarization in the range +2.0 v to about 
+3.0 v produced a definite film on the surface. The 
film is mostly white and opaque, but has some inter- 
ference tints present. If the aluminum is cathodically 
polarized after it has been anodically polarized as 
above, the cathodic curve for the reduction of ferri- 
cyanide is not obtained. The curve hugs the voltage 
axis (practically zero external current) until the re- 
duction of hydrogen occurs. This was found to be 
true, even after the aluminum had remained in the 
solition for 2 days. 
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By assuming that the F vs. 7, relationship in solu- 
tion 6 is linear from open-circuit potential to about 
—0.3 v and extrapolating the external anodic polari- 
zation curve back to the voltage axis, the 7, at LE, 
which is equal to the “local” action current 2 , was 
found to be about 0.35 ma/cm?. Weight loss measure- 
ments gave 0.36 ma/cm? + 0.01 ma/cm?’, showing 
close agreement. 

Analysis of the polarization curves obtained for 
the reduction of ferricyanide on aluminum shows 
that i, so that 7, =i, and that the potential- 
current density relationship is given by: 


E = b log [(i-)s — tcl/te — (I) 
where b is about 0.2 v and F£'!4 varies to some extent 


with solution composition. For solutions 5 and 6 it 
is about —1.0 v. 
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Fig. 3. External polarization curves for aluminum in 
solution 6. O—30 min after immersion; @®—19 hr after 
immersion. 


Behavior in solutions of K;Fe(CN), NaOQH.—The 
concentration of K;Fe(CN)s was either 0.25. or 
0.50M while the NaOH was varied from 0.LM to 
0.5M. Since it was determined quite early in the 
work that the presence or absence of K,Fe(CN ). did 
not have any noticeable effect on the results, it was 
omitted from some of the solutions. As would be 
expected, the pH range of these solutions was from 
13.0 to 13.70. The l.c.d. for the oxidation of ferro- 
cyanide and the reduction of ferricyanide on bright 
platinum were more or less independent of the NaOH 
concentration and approximately equal. The lL.c.d. 
was about 10 ma/cm? for 0.25M K;Fe(CN). and 
about 20 ma/em? for 0.50M K;Fe(CN)s. 

The open-circuit potential of aluminum becomes 
steady in a relatively short time in all of the solu- 
tions. Its value was dependent upon both the con- 
centration of K;Fe(CN), and NaOH. Generally, an 
increase in NaOH tends to give a more anodic po- 
tential, whereas, an increase in K;Fe(CN), has the 
opposite effect. Thus, for a given concentration of 
NaOH (0.1N) the potential changes from about 
—1.0 v to —0.8 v with increase in K;Fe(CN), from 
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0.25 mole/| to 0.50 mole/l. While for a given con- 
centration of K;Fe(CN). (0.5 mole/1l) the potential 
changes from about —0.8 v to about —1.4 v with 
an increase of NaOH from 0.1N to 0.5N. 

Aluminum assumes an E° of about —0.95 v in 
solution 7 (0.1N NaOH) with no indication of hydro- 
gen evolution on open circuit. When the aluminum 
is cathodically polarized, evolution of hydrogen be- 
gins at about —1.5 v. While on open circuit, the 
surface becomes covered with a thin, iridescent film. 
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Fic. 4. External polarization curves for aluminum. A— 
In solution 10, from open circuit potential to —1.5 v; @— 
in solution 10, from —1.5 v to —0.50 v; O—in solution 9. 
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Fic. 5. The “‘real’’ polarization curves for aluminum in 
solution 7, obtained by the weight loss method. 


On a few specimens a white, opaque film was noticed 
at localized areas. The thin, iridescent film appears 
to thicken when the aluminum is anodically polarized 
becoming white and opaque at about — 0.65 v, when 
a state of extreme polarization sets in where the po- 
tential becomes very noble (>+2.0 v) for a very 
small increase in current. A typical external polari- 
zation curve for this solution is shown in Fig. 4. 
The shape of the polarization curve indicates 
strongly that it represents the cathodic reduction 
of ferricyanide, therefore suggesting that the ‘‘self- 
anodic” polarization curve vg for aluminum 
in this solution from about —0.65 v to about —1.5 
v is very close to a straight line and that 7, is approxi- 
mately a constant with a value of about 6 ma/cm?*. 
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With this interpretation the |.c.d. for the re luetion 
of ferricyanide is about 8 ma/em?. 

Polarization experiments by the weight loss 
method confirmed the above interpretation; a typi- 
cal result is shown in Fig. 5. It may be seen that the 
E vs. i, relationship is approximately linear and 
that 7, varies from about 5 ma/em? at —1.5 y ty 
about 6.0 ma/em? at —0.7 v when it begins to fall 
very rapidly. 
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Fic. 6. External polarization curves for aluminum ip 
alkaline solutions of potassium ferricyanide. A—solution 8. 
@—-solution 9; O—solution 10. 
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Fic. 7. The “real’’ polarization curves for aluminum in 
solution 10, obtained by the weight loss method and ex- 
ternal polarization. 


Except for specific effects due to the increase in 
K;Fe(CN). concentration, the results obtained in 
solution 8 are very similar to those given above. 
Typical results are given in Fig. 4 and 6. The open- 
circuit potential was about —0.75 v, and well-defined 
and reproducible polarization curves were obtained. 
The |.c.d. for the reduction of ferricyanide was ap- 
proximately the same as that on_ platinum, 
20 ma/em?. 

An external polarization curve obtained in solu- 
tion 9 is given in Fig. 6. As in the previous solutions, 
there is a strong indication-that the EF vs. i, relation- 
ship is approximately linear, with 7, practically con- 
stant at about 16 ma/cm?. On this basis the |.c.d. 
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for the reduction of ferricyanide is about 20 ma/cm? 
and again approximately equal to that on platinum. 

In solution 10 the open-circuit potential is about 
_145 v and evolution of hydrogen was noticeable 
on the surface. The surface was evenly and uniformly 
etched and no film formation was apparent at po- 
tentials more anodic than about —0.5 v. Actually, 
the surface was brightly polished when submitted to 
external anodic polarization. At potentials more no- 
ble than about —0.5 v, a white, opaque film formed 
and the current density decreased rapidly. Some 
external polarization curves and “‘real’’ polarization 
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Fia. 8. The “real’’ polarization curve for reduction of 
ferricyanide on aluminum. A—solution 8; @—solution 9; 
O—solution 10. 


TABLE IL. Variation of E% and b with degree of alkalinity 
{[K;Fe(CN),. = 0.50 


Supporting electrolyte E% volt b volt 
0.1N NaOH —0.85 0.22 
0.25 NaOH —0.86 0.22 
0.50 NaOH —0.82 0.23 
Buffer 


pH = 11 ~1.0 0.23 


curves obtained by the weight loss method are shown 
in Fig. 6 and 7. 

In all cases the l.c.d. for ferricyanide is about 20 
ma/cm* and approximately equal to that obtained 
on platinum. 

It is interesting to note that in this solution the 
cathodic polarization curve for the reduction of ferri- 
cyanide on aluminum is obtained by an external 
anodic polarization. 

The F vs. i, relationship for the “real” cathodic 
polarization curve for the reduction of ferricyanide 
on pure aluminum in these solutions is of the same 
form as that in the buffered solutions given above: 
see equation (1). A typical set of curves is shown in 
Fig. 8 and the values of the constants in Table II. 
Behavior in NaOH.—Polarization curves and weight 
loss data at constant potentials were obtained in 
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0.1N NaOH, 0.25N NaOH, and 0.50N NaOH. In 
these solutions the cathodic reaction is limited to 
the reduction of hydrogen. The reduction of oxygen 
no doubt also occurs but must be of a relatively small 
order of magnitude, since there was no appreciable 
difference in the results when nitrogen was passed 
through the solution. 

Generally, the open-circuit potential in these solu- 
tions becomes fairly steady within about 30 minutes 
and is in the neighborhood of —1.6 v. There is a 
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Fig. 9. External anodic polarization curves for alumi- 
num in NaOH, 
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Fic. 10. The “real’’ polevization curves for aluminum 
in 0.1N NaOH, obtained by the weight loss method. 


fairly rapid evolution of hydrogen on the surface on 
open circuit, which continues at a decreasing rate 
as the aluminum is anodically polarized. It finally 
disappears at about the potential at which visible 
film formation becomes evident. This latter point 
depends upon the concentration of NaOH. The sur- 
face becomes uniformly etched but remains fairly 
smooth and bright until the anodic polarization 
curve seems to reach a limiting current density at 
which point the rate of change of current with po- 
tential becomes negligibly small. In this region the 
surface first acquires a thin, iridescent film which 
rapidly seems to thicken showing strong interference 
colors. This anodic l.c.d. is about 8 ma/cm? for 0.1N 
NaOH, 25 ma/em? for 0.25N NaOH, and about 
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45 ma/em? for 0.50N NaOH, practically a linear 
relationship. Although the exact potential at which 
this phenomena occurs depends somewhat on the 
solution and particular specimen, it is generally at 
about —1.0 v. The curves in Fig. 9 show a typical 
behavior. 

Although any one specimen gives well-defined po- 
larization curves and open-circuit potentials, the 
results obtained with different specimens in the same 
solution show a variation of as much as 20 per cent. 
This is also true of the weight loss. This amount of 
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Fic. 11. The “‘real’”’ polarization curves for aluminum 
n 0.5N NaOH, obtained by the weight loss method. 
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Fic. 12. The “‘real’’ cathodic polarization curve on alu- 
minum in NaOH. 


deviation about a mean is not surprising when due 
consideration is given to the rapid dissolution of the 
aluminum with the accompanying rather vigorous 
hydrogen evolution, in these solutions. 

The “real’’ polarization curves for the dissolution 
of aluminum and the cathodic reduction of hydrogen 
were constructed by the weight loss method and 
typical results are shown in Fig. 10 and 11. 

Generally, the values of 7, obtained from the “real”’ 
polarization curve for the reduction of hydrogen 
approximately fitted the usual hydrogen overvolt- 
age relationship: 


E = by log i. + Const. 
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Typical results obtained in 0.1N NaOH aid 0.5y 
NaOH are shown in Fig. 12. 


DISCUSSION 


The experimental results indicate that the :eactigy 
of aluminum in buffered and alkaline solutions oj 
K;Fe(CN )¢ and in NaOH may be interpreted by the 
theory of the ‘mixed potential,” which postulate 
two or more separate reactions governed by a com. 
mon electrode potential. 

The fact that the dissolution of aluminum jy 
alkaline solutions is probably governed by an electro. 
chemical mechanism was first: shown by Miiller (3) 
and Straumanis (4) in their studies on the effect oj 
impurities on the rate of dissolution. The more recep; 
work by Streicher (5) gives further support to ay 
electrochemical mechanism and treats the kinetics 
of the process in considerable detail. The experi- 
mental data presented in this study lend further 
support to the fact that the dissolution of aluminum 
in neutral and alkaline solutions is governed by ay 
electrochemical mechanism. 

Since the thermodynamically reversible potentia! 
of aluminum is about —1.6 v in neutral solutions 
and about —2.6 v in alkaline solutions while that o/ 
the ferrocyanide-ferricyanide system is about +0.25 
v (6), it is evident that both reactions show a large 
polarization effect, so that the dissolution of alumi- 
num is under both anodic and cathodic control. 

The ferricyanide-ferrocyanide system is highly ir- 
reversible chemically as well as thermodynamically 
on aluminum, since the anodic reaction is predomi- 
nately the dissolution of aluminum. In the pH range 
of about 3.0 to 10.0, the reduction of ferricyanide 
also approaches zero when a steady state is reached. 
Since the extent of this reaction, as indicated by the 
magnitude of (/.) 4, decreases with time, it appears 
that a film, or barrier, forms on the aluminum surface 
which spreads out laterally. It is interesting to note 
that the pH range wherein this phenomena occurs 
is approximately coincident with that wherein alumi- 
num hydroxide is stable (7). 

The “real” anodic polarization curves indicate 
that the anodic reaction is a function of the pl. 
Polarization is very great below pH of 11.0, and de- 
creases above this value. There is a considerable 
decrease at pH values of 13 and higher. 

The “real”? cathodic polarization function is also 
dependent upon the pH. As indicated above, in the 
range of 3.5 to about 10 it appears that only av 
extremely small portion of the surface is available 
to the cathodic reaction when a steady state |s 
reached, while at pH values higher than 10.0 indiea- 
tions are that the whole of the apparent surface |s 
functioning as a cathode. Caldwell and Albano (8) 
showed that the dissolution of aluminum in alkaline 
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~lution cannot be reduced appreciably or stopped 
by cat! die polarization; this was confirmed and 
jown |» be dependent upon the fact that aluminum 
Joes no! undergo any appreciable change in potential 
when made eathodie in these solutions (5). 

The polarization curves shown in Fig. 10 and 11 
vive further confirmation as to why it is almost 
impossible to cathodically protect aluminum to any 
appreciable extent in strong alkaline solution. The 
hydrogen overvoltage curve levels off so rapidly 
that it is impractical to achieve the necessary nega- 
tive potential. 

A more detailed analysis and theoretical treatment. 
on the behavior of aluminum with oxidation-reduc- 
tion systems is planned for a future communication. 
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exchange experiments are developed. 


INTRODUCTION 


It has recently been demonstrated (1) that in 
certain electrolytic cells, especially designed to pro- 
mote convection currents and operated below the 
decomposition potential of the solution, the com- 
bined effects of electrolysis, electromigration, and 
convection can be employed for the concentration 
and separation of electrolytes. The initial experi- 
ments pointed to a promising field of separative 
problems for exploration, and at the same time out- 
lined the basic apparatus requirements and tech- 
niques. 

The combined effects responsible for the separa- 
tion have been termed “electrogravitational.’’ This 
is actually a generic term for a number of electro- 
chemical processes in which electrically initiated con- 
vection plays a decisive role in bringing about the 
desired end. For example, some well-known cells for 
the electrolysis of sodium chloride described in text- 
books as “gravity cells’ belong in this category. In 
the present instance, electrolysis of the solution itself 
is not involved, as explained below. The term “‘elec- 
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Apparatus for Studying Electrogravitational Separations, 
Some Experiments on the Extraction of Sodium 
Chloride from Solution in a Flow System” 


GeorGE W. Murpuy® anp Davin Barzer‘ 


Department of Chemistry, University of Wisconsin, Madison, Wisconsin 


ABSTRACT 


As the first step in a systematic experimental investigation of an electrogravitational 
method for concentrating and separating simple electrolytes in solution, new and ver- 
satile apparatus has been constructed. The power supply is designed to furnish up to 50 
amp to the experimental cell at potentials up to 0.7 v, controlled electromechanically to 
+19 per cent. A Lucite cell with plane-parallel wire mesh electrodes has been adopted 
for flow experiments. Experiments on the extraction of sodium chloride were designed 
primarily to study electrode efficiencies in ranges of concentration and flow rate to which 
the method is applicable. Interesting qualitative comparisons with corresponding ion 


trogravitational” is suggested by analogy with the 
thermal diffusion-convection separation process, 
which has been called the thermogravitational ef. 
fect (2). 

The principle involved in the method of (1) as 
exemplified by the apparatus described, is as follows: 
a solution of a chloride, MCl, is contained between 
two closely spaced vertical silver-silver chloride elec- 
trodes. On passage of direct current at low voltage 
(0.6 v or less), the following electrode reactions occur: 


cathode: AgCl + e = Ag + Cl- 
anode: Ag + Cl- = AgCl + e. 


The combination of these electrode reactions with 
the migration processes leads to a horizontal con- 
centration gradient, with MCI richer in the catho- 
lyte, and depleted in the anolyte. The density gra 
dient thereby established leads to a convection 
current and the resultant concentration of MCI in 
the bottom of the cell. Two or more cations can be 
at least partially separated by virtue of their differ- 
ences in cation mobility. 

It should be emphasized that neither the quality 
nor quantity of electrolyte or solvent is changed 
during the process. By virtue of the low voltage 
employed, only the silver chloride is eleetrolyzed, 
and the reaction which occurs at one electrode occurs 
in exactly the reverse manner at the other. The ne! 
effect is the establishment of a concentration gra- 
dient in solution, which has a horizontal componen' 
due to electromigration and a vertical componen! 
due to convection. 

Let us refer to the above type of cell with vertical 
electrodes a type V cell, and the corresponding cel! 
with horizontal electrodes, the polarity of the upper 
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and lower electrodes having been suitably chosen to 
eliminate convection, a type H cell. On passage of 
current, a stable vertical concentration gradient is 
also produced in the type H cell, but for practical 
separations, the type V cell is preferred for the fol- 
lowing reasons: (A) The concentrated and dilute 
lutions are removed by convection to areas re- 
mote from the electrodes, where they can be re- 
moved as desired. (B) When the active electrode 
material AgCl is exhausted, it is necessary merely to 
reverse the electrical current in order to keep the 
process going. A new convection current is set up 
in the opposite direction, but electrolyte is still con- 
centrated in the bottom of the cell. (C) With the 
type H cell, one obtains a concentration gradient 
determined solely by electromigration and electrode 
phenomena. This may be referred to as an elementary 
concentration process. In the type V cell, owing to 
the superimposed convection, a number of these ele- 
mentary processes take place simultaneously in cas- 
cade; hence it is possible with a given applied poten- 
tial to obtain greater degrees of concentration in the 
extremities of the apparatus than with the type H 
cell. 

Some examples of the type H ceil have recently 
been treated mathematically by Piguet, Kuhn, and 
Kuhn (3). Their very interesting results describe 
concentration and potential gradients as well as cur- 
rents in the steady state. These authors have also 
commented on the multiplication effect to be ex- 
pected in a type V cell when circulation of cathode 
and anode solution is “promoted.” They report no 
experiments of this type, and the possibility of natu- 
ral circulation provided by convection is not men- 
tioned. 

The present paper describes the first steps in a 
systematic experimental investigation of electrolyte 
separations based on the above considerations. The 
principal contribution is the construction of a versa- 
tile apparatus, which permits close control of the 
many variables. In (1), the current was reversed 
repeatedly on a program determined by the changing 
electrical characteristics of the cell; thus, the limited 
amount of active electrode material was used over 
and over again. The applied voltage varied during a 
half cycle. From the standpoint of interpretation of 
results, it is advantageous to operate the cell at 
constant voltage. A flow system has been constructed 
here in preference to the static system of the earlier 
work for two reasons. First, with regard to practical 
applications of the method, the superiority of the 
continuous flow over the batch process is generally 
recognized. Second, from a more academic point of 
view, the flow method permits a more readily ob- 
served correlation among the quantities: faradays 
consumed, equivalents removed, and amount of ac- 
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tive electrode material used up. These two considera- 
tions apply primarily to the use of the method in 
concentrating electrolytes. There are further ad- 
vantages of the flow method in separating two or 
more electrolytes, but this will not be discussed 
here, since no such separations are described in this 
paper. 

In the first series of experiments with the new ap- 
paratus, the removal of sodium chloride as a solution 
passes between two Ag-AgCl electrodes maintained 
at constant potential is studied. The current is not 
reversed at all during an experiment, for it is desired 
to observe the characteristics of the cell under such 
conditions that all active electrode material is used 
up. We wish to (a) establish the general character of 
the effluent concentration curves, (b) determine the 
concentration factor and current efficiency at a num- 
ber of concentrations and flow rates, and (c) provide 
a background of information which may be applied, 
for example, to selecting the proper frequencies for 
current reversal, when continuous concentrations or 
separations are desired. 

When the cell is operated in the manner described, 
it should be recognized that the electrolyte removal 
is not entirely electrogravitational in action; part of 
the electrolyte is removed by straight electrolysis and 
electromigration, and becomes locked in the electrode 
framework. This type of study is a necessary pre- 
liminary to other methods of cell operation in which 
the net removal of electrolyte, after a sufficient num- 
ber of current reversal cycles, will be entirely electro- 
gravitational in nature. 


EXPERIMENTAL 


Power supply.—This item calls for the unusual re- 
quirement of heavy d-c currents at voltages of the 
order of only 0.5. It is also necessary that the voltage 
be constant during a run, and that it be adjustable 
in the range 0 to 0.7 v. Furthermore, although the 
experiments reported here never demanded more than 
1.2 amp, a power supply capable of delivering up to 
50 amp was desired for future work. A transformer- 
selenium rectifier combination with electromechani- 
cal voltage regulation seemed to be the only answer 
to these requirements. If a three-phase, full-wave 
bridge rectifier system is used, the a-c ripple is only 
4 per cent at 360 cycles, a value which is not objec- 
tionable for the type of experiments contemplated; 
thus, the difficult filtering problems which are en- 
countered at these high currents are avoided. 

A power supply meeting these requirements is 
illustrated in block diagram in Fig. 1; it was con- 
structed primarily from the purchased components 
listed in the legend. The reversing relays, pulse 
relay, and electric timer were included for experi- 
ments involving periodic current reversal; no ex- 
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periments of this type are reported here. The shunt 
bank contained manganin resistance units of 0.1, 
0.02, 0.05, 0.01, 0.005, 0.001, and 0.0005 ohm. These 
resistances were selected so that the currents em- 
ployed could be conveniently plotted on the 10 mv 
span of the recording potentiometer. 

The motor control circuit was patterned after 
that of Glaser (4). Error signals from the voltage 
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Fig. 1. Block diagram of power supply. Powerstat: 220 
v 3-phase, 1.2 kva, No. 20-3Y, Superior Electric Co., Bristol, 
Conn. Three step-down transformers with 100:1 ratio and 
rectifier stack designed for an output of 50 amp furnished 
by the Electronic Rectifier Co., Rochester, N. Y. Current 
reversing relays: four SPST aircraft units (war surplus) 
with 12 v d-e coils and 50 amp contacts. Pulse relay: series 
900, 110 v a-e coil, DPDT \%-in. silver contacts, Advance 
Electric and Relay Co., Los Angeles, Calif. Electric timer: 
“Cyel Flex,” hp 27, 250 min dial, Eagle Signal Corp., 
Moline, Ill. Voltage reversing relay: Series 200, DPDT, 
12 v d-e coil, Guardian Electric Co., Chicago, Ill. Servo 
motor: No. 1282D with 300:1 gear box, Kollsman Instrument 
Div., Square D Co., Elmhurst, N. Y. Not shown: 12 v d-c 


power supply for operating relays. Other components, see 
text. 


terminals of the cell are fed through a mirror gal- 
vanometer-phototube assembly to one of two thyra- 
trons and an output transformer. The particular 
thyratron which happens to be firing in response to 
the signal determines the direction of rotation of the 
motor to correct the error, by adjustment of the 
powerstat. We have modified the circuit of Glaser 
by replacement of the two 929 phototubes by a 
single 920 dual cathode phototube, and by fitting 
the output transformer to the specific requirements 
of the motor. The galvanometer used for error de- 
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tection was a Leeds and Northrup lamp iid seq), 
box type, Catalog No. 2420; it was part of 4 poten. 

tiometer circuit, and was heavily overdaiped 4, 

eliminate “hunting.” 

The entire voltage controlled power supply 4. 
sembly has given very satisfactory service. Conty,) 
is within +4 per cent from zero to capacity curren; 
Response time is the order of a few seconds, which 
is entirely adequate for our purposes. 

During a run, both current and cell voltage wer 
recorded continuously by a Brown multiple recon 
potentiometer. One record consisted of the voltage 
from the proper shunt, and another record the volt. 
age from the cell after dividing the latter with , 
volt box to match it to the recorder span. 
Constant temperature chamber.—Cells were mounted 
in a constant temperature air bath controlled a; 
25 + 0.2°C by a mercury thermoregulator-electroni¢ 
relay system. Cells were mounted on a Julius suspen- 
sion to minimize vibration. The three suspensioy 
wires were hung from a massive ceiling joist and 
passed through holes into the constant temperature 
chamber. 

The cell—Experience with a number of cell designs 
has determined the basic characteristics to be in- 
corporated in the present cell. 

1. The desirability of plane parallel electrode sys. 
tem over the concentric cylinder type had been 
clearly indicated in some experiments with the two 
cells of the latter design described in (1). This 
preference results from the fact that the performance 
during unidirectional current flow depends on which 
of the electrodes is cathode; a significant difference 
in a concentration-time curve is obtained when the 
electrode polarities are reversed. Identity of per- 
formance regardless of polarity should be expected, 
however, for the plane parallel electrode system. 

2. Electrodes in some type of grid form, such as 
silver wire mesh supporting substantial amounts oi 
silver chloride, are to be preferred to the smooth 
electrodes; in the latter case the number of faradays 
that can be passed in one direction before exhaustion 
of active electrode material is sharply limited. 

3. Electrode spacings should be held as small as 
is consistent with freedom from fouling problems. 

4. The cell should be capable of easy assembly 
and disassembly for inspection. 

These suggestions were applied in the construction 
of Cell III (Fig. 2), which was designed for flow 
operation. Each electrode consisted of three layers 
of silver wire mesh, 30 mesh x 0.014-in. wire. The 
body of the cell was of Lucite in four parts, whieh 
could be screwed together, the joining faces being 
made leak-tight with stopcock grease. The rectang- 
lar channel formed after assembly was | x 14 it; 
however, the electrodes filled much of the gap, and 
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she minimum electrode separation was about 3%9 in. 
The ele ‘rodes were 9 in. long. During a run, solu- 
‘ion flows up through the cell and out the miniature 
sonductance cell at the top. 

The cell was put into operation initially by electro- 

ivtically chloridizing one electrode heavily with an 
applied potential of about 2.5 volts overnight. The 
electrolyte was 0.5N HCl, passed slowly through the 
well, Hydrogen was evolved at the cathode. Later 
experiments showed that about 0.1 equivalent of 
silver had been converted to the chloride. 
The pump.—A miniature glass reciprocating pump 
made from a 1 ml syringe and operated by a 110 v 
d-e geared motor was used to pump solution through 
the cell. The check valves were of Pyrex glass, hand 
ground into their seats until leakage was negligible. 
Variable motor speeds were obtained by feeding the 
armature winding from a variable d-c supply; the 
latter was a Varitran-transformer-selenium rectifier 
combination fed from the 110 v a-ce line. Flow rates 
were constant to +1 per cent. 


Experimental Technique 


The solutions were deoxygenated prior to an ex- 
periment by bubbling nitrogen through them for 
one-half hour, in order to avoid a side electrode re- 
action to be discussed later. They were then sub- 
jected to suction from an aspirator until degassing 
was complete; this was necessary because gas bubbles 
which form in the solution are detrimental to proper 
functioning of the pump valves. The solutions were 
analyzed and kept in tightly stoppered bottles until 
used. 

A run was carried out in the following manner. 
First, any electrolyte absorbed in the electrode frame- 
work from a previous run was removed by repeated 
washings with distilled water. The water was allowed 
to stand in the cell for periods of several hours. 
During this procedure the electrodes were shorted 
out to insure that there would be no residual voltage 
when the next run was started. Then the cell was 
swept out for an hour with nitrogen. Starting with 
an empty cell, the flow of solution into the cell was 
begun, and a potential of 0.5 v applied. After the 
cell was filled, solution began issuing from the con- 
ductance cell into a graduated receiver. At the same 
time, a Leeds and Northrup conductance recorder 
was started. This instrument had three full scale 
ranges of 0-0.1, 0-0.01, and 0-0.001 reciprocal ohm. 
As time went on, readings were also taken of the 
volume of solution in the graduated receiver. During 
an experiment, the current was maintained uni- 
directionally until active electrode material was ex- 
hausted; for the next experiment, the current was 
simply reversed. No significant difference in per- 
formance was found due to the reversal of polarity. 


Early experiments had given effluent solutions of 
abnormally high pH, up to 9.2, when starting with 
neutral solutions. It was concluded that the com- 
peting cathode reaction 14 O. + H.O + 2e = 2 OH- 
was responsible. After deoxygenating treatments on 
both solution and cell were adopted as a regular 
procedure, the effluent pH was normal. 


TO CONDUCTANCE BRIDGE 


+—— CONDUCTANCE CELL 
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Fic. 2. Lucite cell 


RESULTS 
General character of the curves.—Fig. 3 shows a 
comparison of the effluent conductance in arbitrary 
units and current as a function of time in a typical 
run. The zero of time is taken at the point where 
solution begins issuing from the conductance cell; 
thus, in the case illustrated, nearly four hours were 


_ required to fill the cell. 


The magnitude of the current is the result of two 
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competing resistances in the cell: the resistance of 
the electrolyte itself, and the continually increasing 
resistance due to depletion of active electrode mate- 
rial. (We do not consider the resistance of silver 
chloride films on the electrodes as of particular 


significance in the present experiments.) The current 


rises steadily while the cell is being filled. After a 


period of time the effective resistance due to deple- 
tion of electrode material becomes appreciable and 


lowers the rate of rise of current. The current will 
eventually go through a maximum, although not 
necessarily at the time the cell is just filled, and 
then fall as the depletion of electrode material as- 
sumes dominating importance. 


The fluctuating character of the current curve of 


Fig. 3 was observed to some extent in all experiments. 
It may be due in part to slight nonuniformity in 
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Fic. 3. Comparison of current and effluent conductance 
curves (Conductance in arbitrary units). Arrows refer to 
point A of text. 


electrode spacing, but the major cause is probably 
turbulent convection. 

Turning now to the conductance curve, we see 
that the original effluent is substantially depleted of 
electrolyte; a break in the curve begins at about 4 
hours, the curve goes through a maximum well above 
the initial influent conductance, and then begins to 
approach the latter value asymptotically. It is inter- 
esting at this point to compare our type of curve 
with the corresponding ion exchange concentration- 
time ‘“‘break-through”’ curve, which rises to the in- 
fluent value without going through a maximum as 
the resin becomes saturated. In our case it should 
be remembered that electrolyte which is concen- 
trated in the cell through action of the current is 
only temporarily retained. Concentrate that is locked 
in the electrode framework or has fallen to the bot- 
tom by convection eventually finds its way into the 
flowing solution. The effluent solution may, there- 
fore, become more concentrated than the influent. 
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If a reservoir had been provided below the ol. 
trodes to collect the concentrate so that it could yp, 
mix with the influent, it would be expected that ¢, 
effluent conductance curve would exhibit a mug 
smaller maximum, or possibly none at all. Experi. 
ments of this type are planned, but have not ye 
been carried out. 

Effect of flow rate and concentration.—For a givey, 
electrolyte concentration the lower flow rates wou) 
be expected to result in ‘cleaner’ separations, 
observed by reference to Fig. 4, this expectation j 
borne out in practice. In this figure the time seal 
has been multiplied by the concentration and floy 
rate; the units are thus equivalents of NaCl. While 
the total quantity of electrolyte removed up to the 
end of the break-through period is about the same 
in each case, the steepness of the break-through 
portion increases as the flow rate decreases. 
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Fic. 4. Comparison of 0.5N NaCl break-through curves 
at different flow rates. 


The horizontal ion transport velocity does not 
depend upon the flow rate, since it is maintained at 
the same value by the constant applied potential. 
It is the ratio of the linear flow velocity to the ion 
transport velocity that determines the slope of the 
effluent conductance vs. equivalents curve; as zero 
flow velocity is approached, the slope should ap- 
proach infinity. 

The effect of concentration on the character of the 
curves at comparable flow velocity is shown in Fig. 
5. We employ as a reference point on the curves the 
influent conductance, designated as point A. A more 
gradual break is evident as the concentration de- 
creases, and the maximum relative to point A be- 
comes much more pronounced. 

Significant quantities calculated for a number o 
curves are listed in Table I. A concentration factor 
a is defined as the ratio of the influent conductance 
to the initial effluent conductance, and the efficiency, 
n, is defined as the number of equivalents removed 
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per faraday®. The number of equivalents removed 
and the number of faradays up to point A were 
jetermined from the areas under the conductance 
and current curves respectively. A polar planimeter 
yas employed for area measurements. 

Before discussing the trends brought out in the 
table, we Shall comment on the rather disappointing 
reproducibility. Separation factors are reproducible 
within +10 per cent and efficiencies within +5 per 
vent. The latter figure is reserved, however, for those 
experiments, in the large majority, where there was 
no suspicion of electrode fouling. 

Difficulties due to electrode fouling and dete- 
rioration were almost completely absent and in any 
event were unlike those mentioned in (1). No sus- 
pended silver chloride was observed in the effluent 
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Fig. 5. Comparison of break-through curves at different 
concentrations. (Conductance in arbitrary units.) 


except during the first run, when the electrodes had 
been freshly prepared. Results from runs 21 through 
25 gave abnormally low efficiencies. This was traced 
toa minute solid bridge which had developed be- 
tween the electrodes. After run 25 the cell was dis- 
assembled and the fault corrected. We are not able 
to say that the problem of electrode deterioration 
has been completely solved, but it appears likely 
that only a small increase in electrode spacing would 
provide freedom from fouling. 

In order to show up any permanent electrode 
changes with time, the run number is also listed in 
Table I. There is evidence from the small but pro- 
gressive increase in faradays with run number that 
the total amount of silver chloride increased in the 
cell over 30 runs by about 15 per cent. The small 
residual or diffusion current present in all runs, per- 


*The efficiency was originally defined in this manner 
in (1). It should be noted, however, that the ultimate 
theoretical efficiency obtainable for single electrolytes is 
humerically equal to the cation transference number, in- 
stead of to unity, as stated on p. 412 of that paper. 
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sisting after all active electrode material was used 
up and no further electrolyte removal occurred, may 
account for this factor. This residual current appears 
to be independent of electrolyte concentration, but 
is relatively more important for the low concentra- 
tion runs, which involve smaller total currents. How- 
ever, the efficiencies appear to be only slightly af- 
fected by it. 

It was also observed that, in time, the pores of 
the top layer of silver mesh became almost com- 
pletely filled in with the Ag-AgCl mixture. This 
could be expected to change the character of the 
separation process to some extent, and the number 
of faradays passed may be due as much to the ac- 
cessibility of active electrode material as to its actual 
amount. 


TABLE I. Concentration factors and efficiencies fur NaCl 


Run | } Faradays n 
| 

2 (0.5 4.3 280 0.0097 0.115 | 0.085 
13 0.5 5.1 | 200 | 0.0093 0.126 0.074 
7 | 0.5 12.5 | 72 0.0080 | 0.108 | 0.074 
27, «0.2% | 5.2 | 130 | 0.0077 | 0.113 | 0.068 
14 | 0.26 15.5 33 0.0077 0.110 0.070 
21 | 0.10 4.9 72 0.0048 | 0.119* | 0.040 
29 | 0.10 5.1 65 0.0058 0.124 | 0.046 
30 (0.05 5.2 43 0.0088 0.111 | 0.035 
20 | 0.05 7.0 21 0.0037 | 0.099 0.037 
8 | 0.05 13.0 15 0.0036 0.081 0.044 


* These values are abnormally high due to partial short 
circuit in cell. See text. 


The significant conclusions which can be derived 
from Table I may now be briefly summarized: 

1. The concentration factor decreases sharply as 
the concentration decreases and as the flow rate in- 
creases. This is in accordance with expectation. 

2. The concentration factor of 280 in the present 
work is a distinct improvement over the value of 100 
reported for 0.5N NaCl in (1). The widely different 
techniques do not, however, make the figures strictly 
comparable. Furthermore, if we could determine a 
separation factor defined by the ratio of the highest 
concentration in the cell to the concentration of the 
initial effluent, all values in the table would be raised 
significantly. 

3. The efficiency decreases by about 1% for a 10- 
fold decrease in concentration. Values given are 
reasonable in comparison with those obtained in (1), 
if the difference in technique is recognized. 

4. The number of faradays passed to point A is 
about the same for all experiments. The slightly 
smaller value for 0.05N solutions is compensated by 
an increased amount beyond point A. 
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APPLICABILITY OF THE MeEtTHop To CONTINUOUS 
DEIONIZATION 


The above studies evidently form a basis for the 
ilesign of a process for the continuous removal of 
electrolyte. To de-salt water continuously, for ex- 
ample, solution might be fed into a cell similar to 
that of Fig. 2 at some point above the bottom of the 
electrodes. Separation of electrolyte is accomplished 
by passage of current, reversed repeatedly at a 
definite frequency. The water, stripped substantially 
of electrolyte, would be withdrawn from the top, 
and concentrate from the bottom, each at a constant 
rate. When operated in this manner, the net removal 
of electrolyte is entirely electrogravitational in 
nature. 

In further analogy of the method to ion exchange, 
the electrodes correspond to two ion exchange sys- 
tems, with one electrode extracting electrolyte while 
the other is being regenerated. When the first elec- 
trode is spent, reversing the current simply reverses 
the functions of the two systems. Thus, what is es- 
sentially a batch process is converted into a con- 
tinuous one, and in an extraordinarily simple manner. 

The major field of applicability of the method will 
probably be with concentrated solutions where ion 
exchange is relatively inefficient. 
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. Electrical Conductivity of Molten Cryolite and Potassium, : 
port 
Chem. Sodium, and Lithium Chlorides iF 
Junius D. Epwarps, CyriL8. Taytor, ALLEN 8S. Russe, AND L. FRANK MARANVILLE 
ee oj Aluminum Research Laboratories, Aluminum Company of America, New Kensington, Pennsylvania é 
tthe 
pplied ABSTRACT 
An improved technique has been developed for the determination of the electrical 
elpful conductivity of reactive molten salts and has been applied to eryolite. The method em- 
lator ploys a platinum cell with two concentric hemispherical electrodes. This cell is main- 
Shop tained’a fixed distance below the surface of the molten salt which is held in a larger 
platinum container. Errors from lead resistance have been eliminated by measuring 
with a Kelvin double bridge (Thomson bridge) and polarization difficulties have been e 
Ussion minimized by extrapolation of the nearly linear plot of resistance vs. frequency~'? to ee 
Mf the infinite frequency. Conductivities of molten potassium chloride, sodium chloride, and 
lithium cloride were determined with a quartz dip-cell. Best values for the conduc- ‘ 
tivities (ohm™'em™') at 1000°C were: cryolite 2.80; potassium chloride 2.65.; sodium : 
chloride 4.17,; and lithium chloride at 700°C, 6.14. Densities (g/ml), measured by a 
)). platinum sinker, were found to follow these equations from the melting points to 1080°C: 
Acta. potassium chloride 1.964-0.574-10~%; sodium chloride 1.969-0.524-10~%t; eryolite 3.032- 5 
(0.937-10-%t. The logarithm of equivalent conductance (A) changed linearly with recip- : 
blish rocal absolute temperature (7'). Best values for the activation energy for conductance 
(keal/mole) (caleulated as 2.303 times 1.986 cal/mole deg times slope of log A vs. 1/7) 3 
» also were: cryolite 4.48; potassium chloride 3.32; sodium chloride 3.04; lithium chloride 1.70. : 
Hand Maintaining the fused eryolite in contact with an atmosphere of argon as compared ‘ 
York with room air had a negligible effect upon the measured conductivity values for cryolite. ; 
INTRODUCTION tially filled platinum cell with hemispherical elec- .. 
- . . . . trodes similar in some respects to that of Jaeger anc : 
lhe discovery by Charles Martin Hall in 1886 aeger and 


Kapma (1). In these measurements, Edwards and 
Taylor used a Kelvin bridge and in this way elimi- 
nated the resistance of the current leads in the 


that molten cryolite would dissolve alumina in sub- 
stantial quantities and that the solution was a good 
electrical conductor laid the foundation for the large- 


scale production of aluminum by the electrolytic 
process. Both the tremendous expansion of the in- 
dustry and the decades of research since Hall’s 
original discovery have emphasized the dominant 
position of eryolite in this electrolytic process. An- 
ticipated production of aluminum in the United 
States in 1952 will require about 18 billion kwhr 
and at least one quarter of this power will be ex- 
pended in overcoming resistance losses in the cryolite 
bath. A knowledge of the factors influencing the 
conductivity of eryolite with the additives that make 
up the Hall bath is thus highly desirable. 

The object of this work was to determine the 
conductivity of cryolite with the highest possible 
accuracy. Measurements of this value are not lack- 
ing, but precision in the published work has been 
ow because of the difficult problem of designing a 
conductivity cell for use with molten fluorides. 


Previous MEASUREMENTS 


In 1920, the two senior authors measured the 
conductivity of molten eryolite, employing a par- 


‘Manuseript received March 24, 1952. This paper pre- 


‘alculation of conductivity. Measurements were 
made with 1000-cycle sine wave current and with 
an electronic amplifier in the detection unit. 

The depth of electrolyte in the platinum cell was 
calculated from the measured weight and density of 
the fused salt and the dimensions of the cell. Dif- 
ficulties from polarization were minimized by ap- 
plying a fresh coating of platinum black to the 
electrode surfaces before each measurement. In spite 
of this precaution, there was a slow, measurable drift 
in the resistance of the cell when filled with molten 
cryolite. It is interesting that these early unpublished 
measurements check the present work so closely; the 
values of specific coaductivity increased linearly from 
2.73 at 1000°C to 2.91 ohm@'cm™! at 
1080°C, 

The platinum cell used in 1920 was employed with 
some modifications for the measurements reported 
in this paper. 

The first published electrical conductivities of any 
real value for cryolite were those of Arndt and 
Kalass (2). These workers employed a similar plat- 


pared for delivery before the Montreal Meeting, October 
26 to 30, 1952. 
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inum cell and determined the height of electrolyte 
by observing the solidification pattern on a platinum 
probe. The resistance of the current-carrying leads 
was & major source of inaccuracy in their work; in 
one case the total resistance was 0.302 ohm of which 
the lead resistance was 0.186 ohm, leaving 0.116 ohm 
for the resistance of the salt. They recognized that 
their electrode areas were too small to eliminate 
polarization and these errors undoubtedly account 
in part for their low values of conductivity, that at 
1000°C being 2.23 ohm~'cm™. 

Two measurements of cryolite conductivity ap- 
peared in 1936. Batashev (3) used a platinum cell 
shaped like that of Arndt and Kalass (2) but filled 
by immersion in a larger platinum crucible containing 
the electrolyte under investigation. With a high, but 
unspecified, frequency the specific conductivity for 
cryolite measured by a Wheatstone bridge was 3.23 
ohm~'em~ at 1000°C. Cuthbertson and Waddington 
(4) avoided the low resistance of the platinum cell 
by using a magnesia tube with a long cryolite path 
between the electrodes. They must have experienced 
some solubility of magnesia in the cryolite; the 
average of their values at each measured tempera- 
ture was low and reproducibility was poor. (The two 
values at 1020°C were 2.43 ohm~'ecm™ and 2.77 

In a recent review article, Frejacques (5) listed the 
conductivity of eryolite as 2.80 ohm~'em™ at 1000°C 
but did not give data to substantiate this choice. 
Vayna (6) has measured the conductivity of cryolite, 
but his technique was that of Arndt and Kalass (2) 
and his values were also low (2.36 ohm='cm™ at 
1000°C). 

Several authors [Mashovetz (7), Mashovetz and 
Lundina (8), Batashev (9), Agnini (10), Bonnier and 
Andrieux (11)} have pointed out that cryolite loses 
fluorine values during exposure to room air at high 
temperature. Fischer (12) has found that for natural 
eryolite containing about 0.2 per cent water, the 
melting loss was 0.4 per cent, and for cryolite with 
2.6 per cent water, the melting loss was 4.3 per cent 
at 1000°C. 


MATERIALS 


Hand-picked crystals of pure Greenland cryolite 
were crushed to 20 mesh and any associated particles 
of galena were removed. This material was ignited 
for one hour in a platinum crucible at 600°C before 
each run, the weight loss being about 0.11 per cent. 
When the crushed cryolite was exposed to saturated 
water vapor for one month, 0.35 per cent water was 
adsorbed, but after two weeks’ exposure to the 
laboratory atmosphere, the original weight was re- 
gained within 0.01 per cent. 

Analysis of the cryolite ignited at 600°C compared 
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with the theoretical values as shown in table beijoy 


| | Li 
Analysis | 32.76 | 13.01 | .04 
Theory 54.30 32.86 12.84 | 


Spectrographic analysis showed only potassium ay 
lithium as impurities at 0.1 to 0.01 per cent. Fluorine 
was determined by a Willard and Winter distillatig, 
over perchloric acid. Sodium was precipitated 4 
sodium urany] zinc acetate after decomposition wit) 
sulfuric acid. Aluminum was determined gravimet;. 
cally by ammonia precipitation after decompositioy 
with sulfuric acid. Potassium and lithium were de. 
termined by the flame photometer. The agreemer; 
between actual and theoretical values is within the 
precision of the methods. 

The potassium chloride was Bakers C.P. Apa. 
lyzed; sodium chloride and lithium chloride were 
Eimer and Amend C.P. The salts were ignited before 
use for one hour at temperatures just below their 
sintering points. 


DENSITIES 


Both the calculation of height of the rolten salt 
in the partially filled conductivity cell from the 
initial weight of salt and the calculation of equive- 
lent conductivity require an accurate knowledge o! 
salt density as a function of temperature. Densities 
were determined with a hollow platinum sinker (cali- 
brated from the room temperature density and the 
coefficient of expansion of platinum) suspended from 
an analytical balance by a fine platinum wire. The 
adherence of gas bubbles to the sinker was avoided 
by an initial immersion and rapid withdrawal. (n 
reimmersion the frozen salt coating split off and de- 
tached any bubbles. 


TABLE I. Densities of molten cryolite, potassium, and 
sodium chlorides 


Range of | 99% 
Material measurement | Density g/cm* confidence 
limit (13 
Cryolite (14).... 1000-1080 


Potassium chloride. 800-1040 1.964-0.574-10-% | 40.002 

Sodium chloride..... 830-1100 1.969-0.524-10-% | +0.002 

Lithium chloride 
....| 626-985  1.762-0.432-10-%t 


Densities were observed to change linearly with 
temperature according to the equations of Table | 
for the materials measured in this work. 


FURNACE AND TEMPERATURE MEASUREMENTS 


The furnace was of the crucible type (chamber 
4 in. in diameter by 6 in. deep) with a nichrome 
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esistor, the power input was regulated by a Variac 
yansformer. A Leeds and Northrup type K-2 po- 
‘entiometer in combination with a platinum-plat- 
inum rhodium thermocouple (protected in some cases 
by a platinum sheath) with the junction inside the 
ner electrode gave temperatures precise to 0.1°C. 
The thermocouple was calibrated at the freezing 
point of low-alkali sodium fluoride 993°C. The cell 
temperature was held within a degree for the several 
minutes required to make the conductivity measure- 


ments. 
ELECTRICAL COMPONENTS 


The bridge current was supplied by a Hewlett- 
Packard signal generator model 205A having a fre- 
quency range of 20 to 20,000 cycles/see and a vari- 
able output up to 5 watts. The resistances for the 
bridges were noninductive, shielded units accurate 
within 0.2 per cent. They included a decade bridge 
and 50-ohm and 0.1l-ohm standard resistances. A 
four-stage amplifier was employed in the detector 
circuit. The capacitors were high quality shielded, 
air or mica insulated units. Earphones, a vacuum 
tube voltmeter, and an oscilloscope have been used 
to measure null points in the bridges. 

The connections were made with shielded wire. 
Fixed noninductive resistors of about 25 ohms were 
inserted in each side of the oscillator output when 
it was used with the Kelvin bridge. The usual signal 
strength impressed on the circuit was 10 volts, which 
with the resistance of about 50 ohms led to currents 
near 0.2 amp in the principal circuit. A Kay-Lab 
model 503A, bridged T-type filter between the first 
and second stages of the amplifier reduced 60 cycle 
interference to a low level. 

The Kelvin bridge circuit is diagrammed in Fig. 1. 
The variably coupled inductance (shielded and of 
negligible resistance) was suggested by Wenner (16) 
to compensate for the capacitance in the cell. To 
control the frequency dependence of the circuit, a 
variable capacitance, Cg, was connected from ground 
to the input side of the bridge. To determine the 
bridge frequency dependence, noninductive _re- 
sistances of the values to be measured were soldered 
across the leads just above the Lavite block. As- 
suming that the reading at a low frequency was the 
true resistance, deviations at higher frequencies were 
applied as corrections to the readings with the cell. 
The two variable resistances of the Kelvin bridge 
cireuit were always kept at equal settings. 


POLARIZATION 


Jones and Christian (17) have verified the War- 
burg law that the polarization resistance of a cell is 
inversely proportional to the square root of frequency 
‘f) in the audio range. They suggested that resistance 
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be measured at a series of frequencies and extrapo- 
lated to infinite frequency where the polarization 
resistance would be zero. In this work, resistances 
measured at 500, 1000, 2000, and 4000 cycles/sec 
were plotted against 1/+/f and the linear extrapola- 
tions to infinite frequency were used in calculation. 
Polarization is particularly bad in the platinum 
cell because the resistance is only 0.1 to 1 per cent 
of that usually recommended and because the usual 
layer of depolarizing platinum black loses efficiency 
at high temperatures. Polarization is much less im- 
portant in high resistance dip-cells, and these have 
been used to establish the conductivities of chlorides. 
It was hoped that these salts could subsequently be 
employed to standardize the platinum cell. 


THREE ADDITIONAL | 
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NOTE:- ALL ELEMENTS SHIELDED AND SHIELDING GROUNDED 
Fic. 1. Bridge circuit 


Dip-cELL DETERMINATION OF CONDUCTIVITIES 


The first purpose of this phase of the work was to 
establish the conductivities of potassium, sodium, 
and lithium chlorides as possible standards for the 
platinum cell. A few direct values for cryolite were 
also attempted in dip-cells, but these were unre- 
liable because of the high reactivity of cryolite. 


Cell Construction and Circuit 


The cell was simply constructed of two 3-cm pieces 
of 1-mm I.D. quartz capillary, each sealed to a piece 
of 8-mm quartz tubing. The two tubes and a plati- 
num-sheathed thermocouple were held between two 
pieces of Transite bolted to a clamp. Platinum elec- 
trodes were bent into cylindrical form and welded to 
platinum lead wires of large diameter. A Wheatstone 
bridge was used with the usual variable capacitor for 
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balancing cell capacitance. Suitable corrections were 
made for the relatively small lead resistances. 


Experimental Procedure 


The cell constant was determined with a 31.1 per 
cent sulfuric acid solution (resistivity 1.213 ohm cm 
at 25°C) (18) contained in a platinum crucible. The 
cell showed no appreciable change after use with 
fused chlorides. When the electrodes were well plat- 
inized, the measured resistance of the standard sulfu- 
ric acid was nearly independent of frequency. The 
cell constant was about 500 cm™~' and thermal ex- 
pansion was calculated to cause the negligible de- 
crease of 0.04 per cent over an 800°C range. 
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Fic. 2. Electrical conductivity of molten potassium 
chloride. |Arndt (19); Arndt and Gessler (20)|. 


No appreciable change in cell resistance resulted 
from movements of the dip-cell inside the sulfuric 
acid in the platinum crucible, provided that the lower 
ends of the capillaries were at least 1 em above the 
bottom of the crucible and provided that the plati- 
num electrodes were immersed in the liquid to a 
depth of at least 3 mm. Vertical movements of the 
electrodes within the tubes changed the cell resist- 
ance markedly and the electrodes had to be seated 
solidly on the shoulder between the capillary and 
8-mm tube. 


Results 


The results of two determinations of the con- 
ductivity of molten potassium chloride plotted as a 
function of temperature are shown in Fig. 2 in com- 
parison with values in the literature. The agree- 
ment with the data of Lee and Pearson (21) and of 
Huber, Potter, and St. Clair (22) is excellent. The 
conductivity of the molten potassium chloride did 
not change during three hours heating at 940°C. 
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Conductivity values at 50°C temperature intervals 
from the smoothed curve from 800 to 1050°C 4, 
listed in Table IT. 

The conductivity values for sodium chloride from 
six determinations are plotted against temperatyy 
along with the literature values in Fig. 3 and agree 
most closely with those of Lee and Pearson (9 


TABLE II. Best values for the electrical conductivities 
molten potassium and sodium chlorides 


of 


Conductivity, 


Temp °C 
KCl NaCl 
800 2.24, 3.58; 
850 2.36, 3.75, 
900 2.46, 3.90, 
950 2.56, 4.05» 
1000 2.652 4.17, 
1050 2.725 4.29, 
1100 2.79% 4.39, 
4.5 T 
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Fic. 3. Electrical conductivity of molten sodium chloride 


with, however, a greater departure from linearity. 
Best values at 50°C temperature intervals from 800 
to 1100°C are listed in Table II. 

An attempt to measure the conductivity of lithium 
chloride with a quartz cell in air was only partially 
successful. After points at 619°, 664°, and 698°C 
where the conductivity was 5.80, 5.99, and 6.15 
ohm~'cem~', the cell resistance decreased at irregular 
intervals, apparently as the quartz tubes cracked. 
The first three points are in good agreement with 
Biltz and Klemm (23) who used a quartz U-tube cell 
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jnder at) atmosphere of carbon dioxide and observed 
ply sligit attack on this cell by the melt. The data 
of Ryshkewiteh (24) for lithium chloride are ap- 
parently in error. The quartz tubes changed very 
ttle in shape during the run, but the originally 
amorphous quartz was transformed to small needle- 
ike erystals of alpha quartz, all perpendicular to the 
axis of the tube. The final melt of lithium chloride 
vas quite alkaline, a sign of considerable hydrolysis 
during the measurement. The density of lithium 
hloride was taken (15) from the expression: di, = 
762 — 0.432- 10-4. 

In two attempts to determine the conductivity of 
ryolite with a quartz cell, the quartz was attacked 
hefore precise values could be taken. The greatest 
attack was at the surface of the melt and the inside 
diameter of the capillary was not noticeably changed. 
\pproximate values of conductivity of cryolite be- 
fore the tubes broke were 3.11 ohm~'cm™! at 1070°C 
and 500 eycles/see, and 2.83 ohm~'cm™~! at 1LO19°C 
and 1000 cycles/sec. 


PARTIALLY FIttep PLATINUM CELL 


The platinum cell used in this work was of 50-ml 
olume and had cylindrical sides and hemispherical 
bottoms supported by four platinum rods on the 
uter electrode and two on the inner. These rods 
iso served to connect the cell electrodes to the 
Kelvin bridge. The rods were rigidly fixed in two 
blocks of baked Lavite, which kept the electrodes 
1 the same relative positions, and also supported 
the cell in the furnace. The Lavite blocks were held 
together with steel bolts plated with platinum. The 
ell is shown in Fig. 4. 


Cell Constants 


The cell constant determined by the Kelvin bridge 
vith the 31.1 per cent solution of sulfuric acid at 
25°C for a volume of 50 ml was 0.1122 em~ with a 
standard deviation of 0.00086 em~' (cell resistance 
approximately 0.1 ohm). With the same volume of 
).0LV aqueous potassium chloride solution measured 
vith a Wheatstone bridge (cell resistance approxi- 
mately 80 ohms) the cell constant was 0.1121 em™ 
vith a standard deviation of 0.00073 em-'. It is 
gratifying to have this direct check on the Kelvin 
vridge and the methods for cell capacitance com- 
pensation. 

The Kelvin bridge circuit was used at high tem- 
peratures. The cell constants at various temperatures 
and volumes were checked periodically by measuring 
ihe resistance of the cell filled to the desired volume 
vith molten potassium chloride. Cell standardiza- 
llons with sodium chloride were not accurate for 
feasons Which have not been established. This sub- 
lect is discussed in a later section. 
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Results 


Resistance readings were corrected for the fre- 
quency dependence of the bridge and extrapolated 
to infinite frequency and zero elapsed time after 
melting. The time correction was equivalent to about 
1 per cent per hour of heating. Even this correction 
was subject to considerable error in that no allowance 
was made for volatilization during melting. 


¥ic. 4. Conductivity cell 


The best values for the electrical conductivity of 
cryolite from these determinations were 2.82 ohm~!- 
em at 1000°C, 2.91 at 1040°C, and 
2.99 at 1080°C. 


Volatilization and Reaction with the Atmosphere 


To establish the reason for time effects observed 
with the partially filled platinum cell, a platinum 
crucible containing molten cryolite was suspended 
in the furnace by a platinum wire from an analytical 
balance and weight loss was measured as a function 
of time and temperature in various atmospheres. 
The weight loss was adequate to explain the ob- 
served increase in resistance of the molten cryolite 
in the platinum cell. The rate of weight chainge was 
not greater for air than for argon nor for wet air 
than for dry air. 


“4 
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IMMERSED PLATINUM CELL DETERMINATION 
oF CONDUCTIVITIES 


The partially filled platinum cell for measuring 
conductivity of complex systems is subject to the 
following principal disadvantages: 


1. Inaecuracies in time extrapolation. 

2. Difficulty of securing good mixing of multicomponent 
salt systems prior to the conductivity determinations. 

3. Dependence on accurate density determinations. 

4. Sensitivity of the relatively small volume of melt to 
accidental impurities picked up during the heating. 

5. Possible thermal discontinuities in the melt. 

6. High dependence of cell constant on temperature. 


In each of these respects, complete immersion of the 
cell in a platinum crucible containing the stirred 
molten salt with frequent adjustment to a fixed depth 
below the surface offered substantial advantages. 


Cell Arrangement 


A 400-ml platinum crucible 9.5 em deep and 7 
cm in diameter was used for the bath of molten salt 
in which the conductivity cell was immersed. The 
cell was suspended by a rod which rested on the 
upper end of a fine screw control with a vernier scale. 
A platinum wire to serve as a feeler point was welded 
to a rigid platinum rod which was securely fastened 
to one of the spacers between the Lavite blocks. An 
electrical circuit through a resistance meter from this 
platinum feeler to one of the cell electrodes deter- 
mined feeler contact with the liquid. There was a 
difference of about 0.6 mm between the points of 
making and of breaking contact; the point of making 
contact which was reproducible within 0.03 mm was 
employed. The feeler was set 1.6 mm above the top 
of the cell so that the cell would always be com- 
pletely submerged even though it might not be 
perfectly aligned in every run. The reproducibility 
in cell depth corresponded to a range of only 0.15 
per cent in cell constant. The lateral position of the 
cell within the platinum beaker was without meas- 
urable effect as long as the cell was maintained 
several millimeters from the walls. 

An unsheathed thermocouple was led to the bot- 
tom of the inner cup of the cell through a porcelain 
tube held rigidly in the center holes of the Lavite 
blocks. 


Cell Constants 


It was known from the earlier work that platinum 
black was converted rapidly in these fused salts to 
platinum gray, which is partially effective in reduc- 
ing polarizatron. In an attempt to achieve maximum 
reproducibility, the cell was platinized initially and 
was not replatinized throughout the subsequent de- 
terminations. Actually the platinum gray continu- 
ally lost its depolarizing ability, and in the later 
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runs the lowest frequency at which the bricige eo,\j 
be balanced had to be taken as 600 cycles sec. 

The constant of the well-platinized cell at poop 
temperature as measured with 31.1 per ceni sulfyy; 
acid was 0.0840 cm~. The resistance changed |ino. 
arly with frequeney~"? from 500 to 4000 cycles y. 
and decreased only 3 per cent between 500 cycles 
and infinite frequency. After a sodium chloride ry, 
the change became about 25 per cent, and while the 
points no longer fit exactly on the linear plot, th 
cell constant did not change more than 1 per cent. 
nor did it in subsequent determinations. The change 
in resistance with frequency increased irregularly {, 
30 per cent between 500 cycles/see and infinite 
frequency as the runs continued. After the series oj 
runs was completed, the cell was replatinized and 
its constant redetermined as 0.0847 em. 

The cell constant would be expected to decreas 
on heating approximately linearly with the expan- 
sion of the platinum, and at 1000°C the expansioy 
of 1.0 per cent would lead to a cell constant of about 
0.0835 em. 

Attempts to determine the cell constant directly 
at high temperatures by the use of sodium chloride 
led to anomalous results. The values of resistance 
decreased about 25 per cent from 500 cycles, sec to 
infinite frequency and plots of resistance vs. fre- 
quency’? were not exactly linear. The curvature 
was such that higher resistances (and hence highe: 
cell constants) resulted from extrapolation of the 
2000 and 4000 cycle/sec resistances than from the 
500 and 1000 cycle/sec resistances. Extrapolation oi 
the 2000 and 4000 cycle/sec resistances gave the 
expected values just above the melting point (808°C). 
but these frequencies at temperatures above 1000 
led to a cell constant about 5 per cent too high. The 
apparent effect then for any given frequency ex- 
trapolation was that cell constant increased quite 
rapidly with temperature. This erroneous result prob- 
ably implies that resistance has not been measured 
at high enough frequencies for accurate extrapola- 
tion to infinite frequency with sodium chloride. 

The cell constant determined with molten potas- 
sium chloride is much more consistent than with 
sodium chloride. Resistance changes less rapidly and 
more linearly with frequency~'’*. The apparent cell 
constant increased only from 0.0836 em at 851°C 
to 0.0854 cm=' at 1086°C in the first run. In sue- 
cessive determinations the apparent cell constan! 
in the 1000°C range decreased to 0.080 cm. 

In view of this unsatisfactory behavior with the 
molten chlorides, it has seemed best to use a cel! 
constant of 0.0835 independent of tempers- 
ture, as calculated from the room temperature value 
(which was constant throughout this work) and the 
coefficient of expansion of platinum. 
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Results 


The results of runs with cryolite are shown in 
fig. 5 and the calculation for a typical point (from 
the fifth run) is outlined in Table III. The values 
vere essentially independent of whether the tempera- 
aire was increasing or decreasing before the point 
vas taken. The first two eryolite runs were made be- 
jore the final sequence was started and the third 
represents the first run of the final sequence. 
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Fig. 5. Electrical conductivity of molten cryolite meas- 


ured by the immersed cell method. 


TABLE IIL. Typical data for calculating 
cryolite conductivity 


Cell resistance | 
| 


Cell | Conduc- 


Temp Frequency 


Infinite | constant _ tivity 
Measured | Corrected fre- | cm™ |ohm™'cm™! 
ohms | ohms | quency | 
ohms | 


(45.4 4000 | 0.03018 | 0.03007 0.02888) 0.0835, 2.89 
2000 0.03060 | 0.03053 | | 
1000 | 0.03132 | 0.03130 
500 0.03211 | 0.03211 

(47.3 4000 0.03014 | 0.03004 


The plots of resistance vs. frequency~'’” for the 


irst eryolite runs were quite linear and the decrease 
irom 500 eyeles/see to infinite frequency was about 


\0 per cent. In subsequent runs the slope of the 
irequency plot increased, although in many cases 
the linearity was maintained. Values of apparent 
onductivity increased for the later runs and these 
results have not been plotted. The best values of 
onductivity by this method are 2.80 ohm~'cm~ at 
000°C, 2.90 at 1040°C, and 3.00 
at 1080°C, 


SUMMARY OF CRYOLITE CONDUCTIVITIES 


Three procedures have been employed with reason- 
ible agreement in a determination of the electrical 
wonductivity of molten cryolite. The quartz dip-cell 
tacked in eryolite, but the lowest initial value seems 
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reasonably accurate. This affords a satisfying check 
on the other two methods because the sources of 
error should be different from those with the platinum 
cell. The partially filled platinum cell in which the 
salt height is determined by density measurements 
has given quite accurate values for conductivity. 
However, this cell is subject to errors from volatiliza- 
tion and creepage. The immersion of the platinum 
cell to a fixed depth in a larger platinum vessel filled 
with molten salt provides the simplest arrangement 
for measurement of cryolite conductivity. The neces- 
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Fic. 6. Electrical conductivity of molten eryolite in 
comparison with literature values. 


sity for precise knowledge of densities is eliminated 
and the effects of volatilization are minimized. Errors 
from lead resistance are removed by the use of a 
Kelvin bridge circuit and the attendant large polar- 
ization errors are minimized by extrapolating cell re- 
sistances to infinite frequency. The method is now 
sufficiently free of other errors that the inability to 
extrapolate resistance to infinite frequency is empha- 
sized. This leads to an uncertainty of several per cent 
in the absolute conductivity of cryolite. 

In Fig. 6 our values obtained by the several pro- 
cedures employing the platinum cell (method 1, 
original work of Edwards and Taylor; method 2, 
partially filled cell; method 3, immersed cell) and the 
quartz dip-cell are compared with those in the litera- 
ture. The agreement among these runs, although 
marred by experimental difficulties, is nevertheless 
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the most satisfactory which has been reported for for the chlorides decreases from potassium (0 sodinn 
fused fluoride conductivities. In our opinion the best and more sharply to lithium and is higher {+ eryajy, 
values of the cryolite conductivity are those meas- than for these chlorides. 


TABLE IV. Change of conductance with temperature 


Activation energy for ionic migration (kc, 
2.303 X 1.986 X slope of log A vs, 1/7 


Material Log A Log K 
This work Bloom and 
Heymann (25) 
Cryolite* 2.744-980/T 0.994-698 /7' 4.48 
| Potassium chloride 2.7235-726 .64/7' 0.810-492/7 3.32 3.2% 
Sodium chloride 2.7498--664.18/7' 0.966-440/7T 3.04 2.70 
Lithium chloride 2.633-371.5/T 1.185-381/7 1.70 1.72 


* Equivalent weight of eryolite taken as one third the molecular weight. 
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INTRODUCTION 


Although the use of concentrated solutions of elec- 
trolytes is prevalent in the electrochemical industry, 
there exists at the present time no adequate theoret- 
ical understanding of the physical behavior of such 
systems. The investigation summarized here repre- 
sents a part of a program intended to accumulate 
comprehensive data which may help to lead to the 
development of quantitative theories applicable to 
concentrated systems. 

Concentrated solutions of the zine halides in meth- 
anol have been shown (1) to display characteristic 
variations in physical properties with changes in 
temperature and concentration which can be best 
explained on the basis of the formation of zine poly- 
halide complexes in solution. The positions of the 
equilibria concerned, in methanol solution, have not 
yet been determined, but data are available to show 
the extent of such complex formation in water (2). 
Because it appears that complexing exerts a great 
influence on the conducting behavior of the simple 
zine halides in methanol (1), it seemed desirable to 
obtain information on the extent to which such com- 
plex formation affects the conductivity of a relatively 
simple uni-univalent electrolyte in the same solvent. 


EXPERIMENTAL 


Methanol was dried by refluxing the 99.5 per cent 
commercial product over calcium oxide for 15 to 18 
hours, distilling, refluxing over metallic calcium for 
from 8 to 10 hours, and distilling again. The entire 
operation was performed under nitrogen in order to 
prevent entry of either water or carbon dioxide. 

Zine chloride was purified from the C. P. grade by 


' Manuscript received May 7, 1951. This paper prepared 
for delivery before the Philadelphia Meeting, May 4 to 8, 
1952. 

? Based on research performed under contract No. 
W36-039-sc-38184 for the U.S. Army Signal Corps. 


Conductivities and Densities of the System Ammonium 
Chloride—Zine Chloride—Methanol from -50° to 20°C" 


L. R. Dawson, P. G. Sears, G. P. Dinga, anp H. K. ZimmMerMAn, Jr. 


Department of Chemistry, University of Kentucky, Lexington, Kentucky 


ABSTRACT 


Conductivities and densities have been determined for the concentrated electrolyte 
system, zinc chloride—ammonium chloride—methanol, over the temperature range from 
— 50° to 20°C. From these data, it is possible to show that very extensive complex forma- 
tion occurs in this system as a result of the presence of the zine chloride. Certain features 
of the data are represented by empirical relations, but a complete description requires 
additional information which is not presently available. 


heating to a temperature just below its fusion poini 
in a stream of dry hydrogen chloride for from 6 to \() 
hours. 

Ammonium chloride (A. R. grade) was dried by 
heating to 110°C for two hours and then stored in , 
desiccator. 

Solutions for study were prepared in the following 
manner. Freshly dried zinc chloride was transferre:| 
quickly into anhydrous methanol and allowed 1) 
dissolve. Several such additions to the same bate 
of methanol were often required to obtain a suffi. 
ciently concentrated stock solution. When the stock 
was judged to be sufficiently concentrated (by quali- 
tative observation of its approximate viscosity), it 
was assayed for chloride content by the Volhardt 
method. This stock was then used to prepare othe: 
zine chloride solutions of the desired concentrations 
by dilution with methanol on a weight basis. The 
required amounts of ammonium chloride were then 
weighed into suitable aliquots of these zine chloride 
solutions. 

Conductances were measured by means of 4 
Wheatstone bridge circuit using a Leeds & North- 
rup, Kohlrausch-type, slide-wire with headphones 10 
a circuit containing a three-stage amplifier. The 
measurements were made at a frequency of 1000 
cycles since over the range of specific conductances 
encountered in this study no difference in apparent 
conductance could be detected upon varying the 
frequency from 200 to 6000 cycles per second. A 
Washburn-type cell with platinized electrodes hav- 
ing a constant of 2.204 was used. The constant was 
determined by using standard potassium chloride 
solutions. 

Densities were determined using a pycnometer 
which was a modified form of that described by 
Wright and Tartar (3). It consisted of a bulb to 
which was attached a calibrated large-bore capillary. 
Capacity of the apparatus was about 20 ml. The 
densitometer was calibrated above 0°C by use o 
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jouble-distilled water; at lower temperatures, meth- TABLE I. Conductivities of the system, zine chloride—am- 
vol was used as a standard (4). ___montum chloride—methanol 
2 ZnCl, Specific conductance (X 10*) at the temperatures, 
Discussion OF RESULTS Mo- 
lality | 29°C | 10°C | o°C | —10°C | —20°C | —30°C | —40°C | —S0°C 
Tables I and II present the results of the deter- N ‘NH 
ainations of specific conductance and of density, — 
respectively. Data have been included for the simpler 0. 110, 0. 0.570 0.624] 0. 677 0. 721 0.748) 0.750) 0.721, 0.660 
stems, ammonium chloride—methanol, and zine 0.235) 1.27 | 1.36 | 1.44 | 1.48 | 1.49 | 1.43 | 1.32 | 1.16 
. . +): . 0.373) 1.96 | 2.09 | 2.18 | 2.21 | 2.18 | 2.06 | 1.86 | 1.59 
» -methanol, in order to facilitate interpreta- | | 
bloride 0-750, 4.01 | 4.13 | 4.15 | 4.04 | 3.80 | 3.45 | 2.97 | 2.43 
tion of the TOF Verms 1.39 | 7.19 | 7.10 | 6.78 | 6.31 | 5.68 | 4.86 | 3.98 | 3.08 
‘he Mixture Rule. 2.09 | 9.53 | 9.04 | 8.32 | 7.44 | 6.40 | 5.25 | 4.07 | 2.96 
It should be noted specifically that the concentra- 2.93 |11.1 10.0 | 8.79 | 7.48 | 6.10 | 4.72 | 3.40 | 2.24 
ions of all solutions ate reported on a weight basis. 3.90 10.8 | 9.40 | 7.79 | 6.28 4.76 | 3.39 | 2.17 | 1.25 
This is done because the changes in volume concen- 0.0985 Molal NHLCI 
‘ation involved upon changing the temperature of a 7 i ' 
olution would lead to a different concentration value ry ape | 4.18 | 3.64 | 3.17 | 2.73 | 2.30 | 1.90 | 1.49 
point srature and needless! com licate t 10, 4.43 3.92 | | 3. 45 | 3. 02. 2.62 2.23 | 1.87 1.53 
0.235, 4.54 | 4.09 | 3.66 | 3.30 | 2.96 | 2.61 | 2.24 | 1.85 
tabulations. 1e — y ata Whic are reportec 0.373) 4.72 | 4.36 | 4.04 | 3.75 3.43 | 3.06 | 2.64 | 2.18 ‘“ 
can be used to obtain the volume concentration at 0.750, 6.12 | 5.89 | 5.60 | 5.24 | 4.80 4.23 3.57 | 2.87 ; 
- by any of the experimental points by means of the for- 1.39 | 8.79 | 8.43 | 7.88 | 7.22 | 6.42 | 5.46 | 4.43 | 3.38 
dina ula, 2.09 10.6 | 9.96 | 9.06 8.03 6.92 | 5.64 4.35 3.16 
2.93 11.9 (10.7 | 9.34] 7.91 | 6.44 | 4.95 | 3.57 | 2.31 
owing C= 1000d (1) 3.90 11.6 | 9.93 | 8.20 6.59 | 5.02 | 3.55 | 2.29 | 1.32 
ferre| 1000 mM: 24M, 0.244 Molal NHCI 
batch ; at 0.00 | 9.48 | 8.43 | 7.40 | 6.46 | 5.55 | 4.66 | 3.82 | 3.03 
suff. vhere C, is the concentration in moles per liter of 0.110) 9.17 | 8.14 | 7.13 | 6.21 | 5.32 | 4.48 | 3.64 | 2.88 
tock wlute component 1, m, is the concentration of solute 0.235) 8.96 | 7.94 | 6.96 | 6.05 | 5.21 | 4.39 | 3.59 | 2.86 
SLOC 
oe omponent | in moles per thousand grams of solvent, 0.373) 8.86 | 7.86 | 6.94 | 6.09 | 5.31 | 4.53 | 3.76 | 3.03 
¥ /, is the formula weight of solute component 1, 0.75010.2 | 9.28 | 8.35 | 7.50 6.55 | 5.08 | 4.68 | 5.00 
y), it VW. is the f | nike of Se igh t 2 1.39 j11.1 {10.3 | 9.44 | 8.49 | 7.43 | 6.27 | 5.05 | 3.83 
2.09 |11.4 |10.3 | 9.11 | 7.71 | 6.30 | 4.84 | 3.49 
a m is the concentration of solute component 2 in 2.93 113.2 |11.9 |10.3 | 8.79 | 7.13 | 5.46 | 3.93 | 2.58 
hice moles per thousand grams of solvent, and d is the 3.90 |12.6 |10.9 | 8.98 | 7.16 | 5.49 | 3.87 | 2.53 | 1.47 
lensity of the solution in grams per milliliter. 
the lhe densities are considered to be precise to within sien | wane: 
).2 per cent while the conductance values are pre- 0.00 11.3 10.0 | 8.82 7.70 6.60 | 5.55 4.55 3.57 
ise to within 2.0 per cent or better. In the deter- 0.11011.0 | 9.78 | 8.60 7.50 6.40 5.40 4.38 3.45 
of 3 mination of the density for the mixed electrolyte 
ath. lutions, it was observed that, in the solutions 0.75010.8 | 9.76 | 8.73 | 7.78 | 6.85 | 5.84 | 4.83 | 3.80 
owe respectively 2.93 and 3.90 molal in zine chloride, 1.39 12.2 11.2 10.2 | 9.09 7.96 | 6.63 5.32 4.02 
The the densities of the systems containing ammonium 2.09 13.3 12.1 |10.8 | 9.52 | 8.06 | 6.57 | 5.04 3.64 
100) fag ‘Uoride were the same as those of the simple zinc 2.93 13.5 12.1 10.5 | 8.77 | 7.12 | 5.48 | 3.93 2.58 
Sices hloride solutions, regardless of the amount of am- 3.90 13.1 (11.2 | 9.25 | 7.41 | 5.64 4.03 | 2.63 1.51 
aah monium salt present. The approach to this condi- 0.388 Molal NHC 
the tion can be seen in the values given for the systems eee se 
4 \ ontaining 2.09 molal zine chloride, where at all 0.00 113.4 j11.9 [10.5 | 9.15 | 7.74 | 6.55 | 5.36 | 4.15 
oncentrations of ammonium salt the densities for | | 4.05 
lav- t within ihe of 0.235)12.7 |11.3 | 9.92 | 8.61 | 7.37 | 6.14 | 4.97 | 3.88 
was Memperanires are IGentical WIN the 0.373/12.7 |11.2 | 9.81 | 8.51 | 7.30 | 6.10 | 4.94 | 3.88 
oride experimental error. Therefore, the apparent molal 0.750/12.5 111.2 | 9.9418.74 1 7.62 | 6.43 | 5.26 | 4.11 
volume of the ammonium chloride is equal to its 1.39 13.5 |12.3 |11.0 | 9.78 | 8.47 | 7.05 | 5.64 | 4.26 
neter “0lecular weight divided by the density of the zinc 2.09 [14.2 |13.0 /11.5 [10.1 | 8.53 | 6.91 | 5.30 | 3.81 
2.93 |14.7 |13.1 |11.3 | 9.48 | 7.76 | 5.91 | 4.23 | 2.79 
d by Bis eg rd 3.90 [13.7 |11.7 | 9.65 | 7.71 | 5.90 | 4.17 | 2.77 | 1.59 
Ib to In considering the conductivity data, isothermal 
Rae, blots of conductivity against concentration of one 
The ot the solutes are very informative. A consideration ity maximum which occurs at progressively higher 
se of of the data in the simple system, zinc chloride— concentrations as the temperature is increased. Such 


methanol, shows that such graphs have a conductiv- plots will not be reproduced here because the tabular 


| 


538 JOURNAL OF THE ELECTROCHEMICAL SOCIETY 


TABLE II. Densities of the system, zine chloride—am- 


monium chloride —methanol 


ZnCl, Density (g/ml) at the temperatures, 
Mo- 
lality one one on one . 
20°C 10°C oc —10°C —20°C —30°C | —40°C | —50°¢ 


No NH,Cl 


0.11010.8013/0.81 10/0. 8207/0 ..8305 
0. 235|0 
0.373/0 8254/0. 8354) 
0.750/0 . 8589/0 . 8692 
1.39 |0.9154/0 9266/0 9376/0 9487/0 .9592|0 .9699|0 .9807 


8620 
0 .8454/0 8557/0 8650/0 .8751 


93 |1.0446)1.0567 


3.90 |1.1181)1.1303 


.0688/ 1.0811 
1.1431)1.1558 


| 
0.0985 Molal NH,Cl 
| 


0.00 (0. 7910/0 8032/0. $4080 .8505)0. 8601 

0. 8411/0 .8507/0. 8605/0 .8705 
(0). 
0.8761/0.8861/0 8966 
0 .9117/0.9220'0.9321 
1.39 0.91750 9282/0 .939210 .9504 0.9606 
2.09 (0.0737]0.984810. 9963 1 .0079)1 0291) 1 0403/1 0517 


235)0.8163)0 8245/0. 8341/0.8441/0.8531 
(0). 373|0.8272)0. 8369/0 .8467|0.8568)0. 8664 
0.75010. 8607 0.8708)0.881 10. s916/0.9012 


0.8322 


0.244 Molal NH,Cl 


| | | 
0.00 .8163/0 .8260\0 .8346)0.84 


0. 8073/0 .8166)0. 8260)0 8356 


0.110 | 
235/0.8179/0.8272\0 8366/0 .8465 
0.75010 .8629 
1.39 (0.9181|0.9297 
2.09 \0.9743'0.9854 


0.8556/0.8651 
0.8491] 0 .8590)0 . 8681/0 .8779 


( 


0.310 Molal NH,Cl 


0.00 (0. 8000/0 .8093/0 8186/0 .8281 0.8370 0.8463/0 0.8653 
0.1100. 8087/0 0.8645)0.8744 


0. 8483/0. 8569/0 .8662\0 8758/0. 8857 
0). 373)0.8319]0 
2.09 \0.9744 0.9856)0.9967|1 0084) 1 0187} -0302}1 0407} 0518 


0.388 Molal NH,Cl 


0.00 8019)0 8111 
0). 235/0.8213 0.8506 0.8400!0.8496/0 8585/0. 8679 


8521 8800 


( 


_ 


2.09 (0.97480 .9860)0 .9970 1.00871 01911 0301) 0410) 1.0520 


data are most explicit on this point, and the question 
has been discussed in some detail elsewhere (1). 


0.8400|0.8498)0. 8506|0. 8694 
0.8719/0.8819 

0). 8852)0.8955 
.9000)0 .9103/0 .9209|0.9314 
0.9930 
09 1 0079/1 1.0298! 1 .0409! 1.0516 
1 .0920)1 .1039|1 .1150)1 1259 

1. 1667|1.1784)1. 1902/1, 2016 


0.8444 /0. 8538/0 .8633/0.8732 
().8747\0. 8848 
0. 8878/0. 8981 
9029/0 ‘912910 .923310.9338 
).9402/0 
0.996811 00841 .0186}1 0302/1 0408) 0515 


| 
0.8774)0.8873 
8898/0. 8999 
8850/0 8951/0 9356 
1.39 .9519|0 .9618)0 9725/0 9828/0 .9939 


In addition, it is apparent from the data that similar 
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plots in the simple system, ammonium 
methanol, show a steady (although not |) near) ihe 
crease of conductivity with increasing concentratj, 
at all the temperatures investigated. Thus. it Seems 
that in methanol, ammonium chloride behaves 
ordinary, well-dissociated electrolyte. 

On the other hand, the conductivity of » system 
containing both of the electrolytic solutes shows , 
far more complicated behavior. If, to a solution 
containing ammonium chloride and methanol jn , 
constant weight ratio, progressively increasing 
amounts of zinc chloride are added, the isotherms oj 
conductivity as a function of the zine chloride eo. 


as ay 


ZnCl, MOLALITY 


Fig. 1. Specifie conductance as a function of weight co: 
centration of zine chloride in a system 0.310 molal in an 
monium chloride with respect to anhydrous methanol as 
solvent. 


centration develop an appearance of which the curves 
in Fig. | are representative examples. The first addi- 
tions of zine salt to the solution actually cause « 
marked decrease in the conductivity of the system, 
the concentration of zinc salt at which this drop 1s 
greatest being a function of both the temperature 
and the concentration of ammonium salt in the sys- 
tem.* Measurements of the location of this minimum 
conductivity are not especially precise, but by cov- 
sidering all the data, it is found that for a fixed tem- 
perature the ratio of zinc chloride, Z, to ammonium 
chloride, N, concentrations at this point is approx! 
mately constant, and that this ratio is empirically 4 


* A simple calculation shows that this decrease is from) 
to 9 times greater than any that could be attributed to 7 
simple volume dilution effect resulting from the addition 0! 
zine chloride, even if zinc chloride were a nonelectro! yte. 
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function of temperature, T, according to the expres- 


sion 


ed = 0.01277 + 1.32. (II) 


In a somewhat similar manner, it is also seen that 
the depth of the conductivity drop (difference be- 
tween conductivity at zero zine chloride concentra- 
‘ion and that at concentration, Z) becomes smaller 
ys temperature diminishes. Holding the ammonium 
ehloride concentration constant, it is found that this 
depth, L, is an approximately linear function of 
iemperature. Then considering the coefficients of 
such temperature dependent functions as themselves 
being functions of N, it is found that they, too, are 
approximately linear functions of N within the limits 
of error of the measurements. Hence, by successive 
graphical constructions, it is possible to arrive at 
the empirical expression 


L = 2-10-*%(T) 
+ 1.5: 


for the dependence of the depth of the minimum (or 
conductivity drop) on both temperatures and con- 
centrations, since N and Z are related by equation 
(II). 

When one attempts to proceed beyond such em- 
pirical descriptions of the data, however, the situa- 
tion is too complex to be amenable to complete 
theoretical treatment on the basis of the available ex- 
perimental information. The simplest approach to 
such a treatment would be found in the application 
io the data of the simple Mixture Rule for conduc- 
tivities (5). According to this rule, the conductivity 
of a mixture of electrolytes should be equal to the 
sum of the conductivities of the individual compo- 
nents. It has been shown, however, that even in 
aqueous solutions of highly dissociated mixed elec- 
trolytes marked deviations from such a rule occur 
frequently (6-10). In the case of the highly ionized 
mixtures, where there is no possibility of the forma- 
tion of ionie complexes, a theoretical development 
(0) based on the mobilities of the conducting species 
has been very successful in accounting for the ob- 
served variations, while the case of mixtures in which 
complex formation of a predictable kind enters into 
the considerations can be treated satisfactorily also 
by the introduction of the mass action equilibria 
(ll). However, these procedures require both trans- 
ference and equilibrium constant data for the system 
in question, and such information appears to be en- 
tirely lacking for nonaqueous systems such as the 
one now being discussed. Some progress might be 
made in supplying this deficiency by using proce- 
dures (12-15) which permit conversion of data ob- 
tained in aquecus solutions for use in other solvent 


(III) 


10-5(NT) + 2- 10-*(N) 
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media. However, all of the available methods can 
be applied only in relatively dilute solutions, and 
even then only when the formation of ionic com- 
plexes does not enter into the calculations. 
Because of these limitations, it appears that a 
complete application of available theory to the pres- 
ent data must await accumulation of additional in- 
formation concerning the specific system in question. 
It is possible, however, to deduce something of the 
nature of the present mixed electrolyte system by a 
simple consideration of the deviations from the or- 
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Fig. 2. Deviations from the Mixture Rule in the system 
ammonium chloride—zine chloride—methanol at —50°C. 
I—0.0985 molal ammonium chloride; Il—zine chloride, no 
ammonium chloride; [1l—prediction by the Mixture Rule 
for 0.0985 molal ammonium chloride with zine chloride 
added; [V—experimental conductivity for 0.0985 molal am- 
monium chloride with zine chloride added; V—deviation of 
experimental conductivities from those predicted by the 
simple Mixture Rule. 


dinary Mixture Rule which it displays. Fig. 2 and 3 
show examples of these deviations under two ex- 
tremes of conditions; in Fig. 2 is shown the behavior 
of a system, containing a very small quantity of 
ammonium chloride, at the lowest temperature 
studied, while Fig. 3 shows the system containing 
nearly a saturation amount of ammonium chloride 
at the highest temperature studied. In both figures, 
curve I gives the conductivity of the ammonium 
chloride at a constant molality. The small negative 
slope occurs because of the fact that the conductivity 
itself is directly dependent upon volume concentra- 
tion which will change with addition of the see- 
ond solute, even though the weight concentration 
remains the same. Curve II gives the conductivity 
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of the zine chloride as a function of concentration. 
Curve III represents the calculated sum of curves 
I and II which is the conductivity predicted for the 
mixed system by the simple Mixture Rule. Curve 
IV shows the actual conductivity of the mixed sys- 
tem, while curve V indicates the magnitude of the 
deviation from the simple Mixture Rule, being the 
difference between curves III and IV. 

Considering first Fig. 3, it is seen that the experi- 
mental conductivities for the mixed system at zinc 
chloride concentrations below one molal fall mark- 
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Fic. 3. Deviations from the Mixture Rule in the system 
ammonium chloride—zine chloride—methanol at 20°C. I— 
0.388 molal ammonium chloride, no zine chloride; [I—zine 
chloride, no ammonium chloride; I1]—prediction of the 
Mixture Rule for 0.388 molal ammonium chloride with zine 
chloride added; [V—experimental conductivity for 0.388 
molal ammonium chloride with zine chloridé added; V— 
deviation of experimental conductivities from those pre- 
dicted by the simple Mixture Rule. 


edly lower than the conductivity of even the simple 
ammonium chloride solution alone. This behavior 
is confirmed by the other curves for similar systems 
and can be interpreted only as demonstrating that 
the addition of the zinc salt removes relatively mobile 
chloride ions from solution by means of complex 
formation, replacing them with less mobile zinc poly- 
chloride anions. Reference to Fig. 2 supports this 
conclusion. There, it may be observed that for addi- 
tions of zine chloride up to about 0.1 molal the con- 
ductivity remains relatively constant in the vicinity 
of that of the ammonium salt alone, despite the fact 
that the simple Mixture Rule predicts a steep in- 
crease in this region. At concentrations of zinc salt 


above 0.1 molal, the conductivity increa-os fairly 
rapidly in the manner, though not in the magnitude 
predicted by the Mixture Rule, and at the highes 
concentrations the conductivity for the mixed gy. 
tem becomes almost identical with that of the simpk 
zine chloride solution alone. Again the best avyaila)), 
interpretation of this behavior seems to be the eo). 
clusion that the zinc salt essentially cancels th 
effect of the ammonium chloride as a separate ey). 
ducting species. If this conclusion is correct, then jt 
should appear that diminution of the temperature 
should enhance the effects observed by adding stab). 
ity to the zinc polyhalide internal bonding. This \ 
actually observed, the only case where virtually 
complete identity of the mixed electrolyte curye 
with that of the zinc salt alone occurring at —50°¢ 
in the system containing the smallest amount oj 
ammonium chloride. 

In terms of the deviations of the experimentally 
determined conductivities from those predicted }y 
the Mixture Rule, it appears that these deviations 
approach the conductivity of the simple ammonium 
chloride solutions in all cases, but that the closeness 
of this approach becomes progressively decreased 
as the temperature is increased and as the amount 
of available ammonium salt becomes greater. This 
can be regarded only as powerful evidence of the 
very great complexing power of the naturally acidic 
(in the Lewis sense) zinc ion. It might be added that 
the same kind of reasoning leads to the conclusion 
that in methanol solutions ammonium chloride be- 
haves as a relatively strong electrolyte. 

In addition to these qualitative conclusions con- 
cerning the nature of the conducting species in this 
system, it should be noticed that the presence of 
lower concentrations of the zinc salt in solutions of 
ammonium chloride has a very marked effect upon 
the over-all temperature coefficient of conductivity, 
tending in the solutions most dilute in ammonium 
chloride to decrease the drop in the conductivity of 
the solution with falling temperature. 

This moderating influence exerted by the zinc salt 
well may find practical application in the design o/ 
systems in which it is desired to keep the conductance 
at a relatively constant level over a rather broad 
range of temperatures. 


Any discussion of this paper will appear in a Discus 
sion Section, to be published in the June 1953 issue of the 


JOURNAL. 
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The Nature of the Films Formed by Passivation of [ron 
with Solutions of Sodium Phosphate’ 


INTRODUCTION 


As early as 1836 Faraday suggested (1) that the 
passivity of iron in concentrated nitric acid was due 
to a thin invisible protective oxide film. Subsequently 
Evans (2, 3) isolated the films formed on freshly 
abraded iron which had been passivated in potassium 
chromate solution, and showed that they were not 
appreciably attacked by 0.1N hydrochloric acid; 
he concluded that these films consisted of anhydrous 
ferric oxide as distinct from the hydrated product. 

A recent electron microscope/electron diffraction 
study of the surface films formed by passivation of 
iron by disodium phosphate saturated with dis- 
solved air (4) showed that these films were com- 
posed largely of y-Fe,O;, but also contained inclu- 
sions of FePO,-2H,O. The size of the inclusions varied 
greatly, the larger particles having a diameter of 
the order of 1 yu. 

It was subsequently shown (5) by weight loss 
determinations, polarization, and electrode poten- 
tial measurements, both in the presence and ab- 
sence of dissolved air, that iron can be passivated 
by phosphate solutions only when these contain 
dissolved air. Passivation was accordingly ascribed 
to the formation of a thin film of y-Fe.O; which was 
believed to take of the order of 24 hours to attain a 
protective character. It was suggested that, during 


' Manuscript received June 30, 1951. This paper was pre- 
pared for delivery before the Philadelphia Meeting, May 4 
to 8, 1952. The authors have kindly consented to a delay in 
publication so that this paper may appear in the special 
Theoretical Electrochemistry Issue of the JouRNAL. 

? From a thesis submitted by L. J. Stage to the Graduate 
School of Louisiana State University in partial fulfillment 
of the requirements for the degree of Master of Science. 


M. J. Pryor anp M. Couen 


National Research Council, Ottawa, Ontario 


F. Brown 


National Research Council, Chalk River, Ontario 


ABSTRACT 


The weights of ferric phosphate present in films formed by the passivation of iron in 
0.1M solutions of disodium and trisodium phosphate were determined using a radioac- 
tive tracer, and the thickness of oxide was estimated by an electrochemical method. The 
weights of phosphate were found to decrease with a rise in pH value of the solution. Sur- 
face pretreatments, involving the removal of the original air-formed oxide film by dip- 
ping in acid, resulted in higher phosphate contents than surface pretreatments involving 
abrasion, either with or without subsequent prolonged exposure to dry air. 


the early stages of passivation, the formation oj 
y-Fe.O; was accompanied by slow corrosion leading 
to the production of FePO,-2H.O. It was furthe: 
suggested that the electrochemical action must be 
under anodic control owing to the small dimensions 
of the anodic areas. 

It appears desirable, therefore, to determine 
whether there is any relationship between the concen- 
tration of phosphate in the passivity films, the pl! 
of the solution, and the surface pretreatment of the 
specimen. Since the films formed during passivation 
are only of the order of 200 A thick and the quantity 
of phosphate is likely to be only a few per cent of the 
total film, its accurate determination by normal 
micro-analytical methods is difficult. Consequently, 
it was decided to use a tracer technique involving 
the use of a small quantity of P® in the passivating 
solutions. 


EXPERIMENTAL 


Materials.—The iron used was in the form of an- 
nealed sheet 0.02 em thick; it was kindly supplied 
by the British Iron & Steel Research Association, 
and had the same composition as previously de- 
seribed (5). 

Specimens measuring 3 x 1 cm were cut from the 
sheet and thoroughly degreased in benzene. 

Two stock solutions of 0.1M NasHPO, and 0.1) 
Na;PO, were prepared from C.P. chemicals, dis- 
tilled water, and a sufficient quantity of pure P* 
(half-life 14.1 days), in the form of phosphate, to 
give an activity of approximately 1 millicurie per 
ml of solution. The stock solutions had pH values 
of 9.1 (NasHPO,) and 12.2 (Na;PO,); they were 
shaken thoroughly in contact with the atmosphere 
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., ensure saturation with dissolved air. If this pre- 
qution “as not observed, very erratic results were 


obtained 
The specimens were given one of 3 surface pre- 


treatments: 

‘L Dipped in 0.2N HCI for 15 sec, washed rapidly 
», distilled water and immediately immersed in the 
passivating solution. 

9 Abraded with 3/0 emery paper, swabbed with 
seyzene, and immediately immersed in the passivat- 


ing solution. 

3 Abraded with 3/0 emery paper, swabbed with 
benzene, and stored in, dry air for 24 hours before 
mmersion in the passivating solutions. 

\\| experiments were carried out in duplicate. 

Erperimental method.—In a typical experiment, 
ihe specimen was totally immersed in 5 ml of the 


obtained by re 


Surface treatment of specimen Passivating solution 


0.2N HCl, mg 


Dipped in 0.2N HCl for 0.1M NaoHPO, 11.0 10 
sec to remove air-formed 10.3 K 10 
oxide film 


passivating solution for 24 hours with its upper 
clge | em below the waterline of the solution. At 
ihe end of this period, it was removed from solution 
ud washed thoroughly with distilled water until 
the washings showed no evidence of radioactivity 
hen monitored with an end-window Geiger counter. 
lhe specimen was then dried and rubbed with 
ilter-paper; the filter-paper was monitored and, if 
‘showed signs of activity, the washing and drying 
jrocess Was repeated until neither the washings nor 
ihe filter-paper showed signs of activity; these pre- 
autions were taken to avoid the carry-over of activ- 
'y from the passivating solution. 

The oxide film on the specimen was then reduced 
‘0 ferrous ions by cathodic treatment for 60 see in 
ml of 0.2N HCl at a current density of 3 ma/cm’, 
‘hich was sufficiently high to protect the specimen 


Wt of FePO«-2H,0 


duction of film in 


3 


0.1M Na;PO, 6.2 

4.3 X 10°% 

\braded with 3/0 emery | 0.1M Nae-PHO, 3.7 X 10° 

ind immediately im- 3.5 X 
mersed in the passivat- | 

ing solution | O.1M Na;PO, 

1.1 

\braded with 3/0 emery 0:1M NaeHPO, 3.6 X 

ind stored in dry air for 3:1 x ie" 

244 hours before immer- 
sion in the passivating 0.1M Na;PO, 1.2 x 
solution 0.54 X 


TABLE I. Composition and thickness of films 
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once the passivity film was reduced; platinum wire 
was used as an anode. The pH of the solution was 
also sufficiently low to dissolve most of the ferric 
phosphate present in the film. As a_ precaution 
against adsorption of the radioactive phosphate on 
the walls of the glass vessels used, 10~* g of inactive 
phosphate was added to the original acid solution. 
This would reduce any adsorption of radioactive 
phosphate by a factor of approximately 10. After 
cathodic treatment for 60 sec, the current was dis- 
continued and the specimen washed, the washings 
being added to the solution which was then made up 
to 5 ml (solution A). 

When monitored with an end-window Geiger coun- 
ter the specimen still showed activity and accord- 
ingly was immersed for 15 sec in 3 ml of 1:1 HCl to 
which had been added 10~‘ g of inactive phosphate 


Total weight of Wt % of | Estimated 


| im | onde on | | 
° » mg the film, mg pe » mE film film 


0 


* Abnormally high iron content due to slight corrosion of the iron during the washing process. 


8 X 10°? | 15.8 X 10°* | 60 xk 10° 21 200 
7 | ax 34 95 
8.5 X 10°% | 60 K 10° 12 200 
6.3 X | 30 XK 10° 17 100 
.58 10°% 4.3 X 10°* | 60 6.7 200 
.62 10% 4.1 X | 55 XK 6.9 185 
.59 107% 2.2 10°* | 71 X 10°** 3.0 240 
16 xX 1.3 | 52 XK 107% 2.4 175 
.42 X 10°% 4.0 X | 45 XK 8.1 150 
86 X 3.9 X 10°? | 48 X 7.4 160 
13 X 1.3 X | 31 X 10° 4.0 100 
.62 10-3 1.2 X 10°* | 45 X 10° 2.5 150 


to reduce any adsorption of radioactive phosphates. 
After this treatment, the specimen showed no sign 
of radioactivity. The residual solution was then made 
up to 5 ml (solution B). 

The radioactivity of the solutions was measured 
as follows: an aliquot was pipetted onto an alumi- 
num counting disk upon which a drop of concen- 
trated ammonium hydroxide solution had previously 
been placed. This ammonia served to neutralize the 
acid in the phosphate solution which otherwise would 
attack the aluminum; excess ammonia volatilized 
when the disk was dried. In the case of solution (A) 
the aliquot was 200 ul; in the case of solution (B) 
the aliquot was only 50 ul since, owing to the high 
acid content of this solution, the residue of ammo- 
nium chloride on the disk was considerable. Such a 
residue would cause appreciable selfabsorption of 
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the 8-particles unless kept to a minimum. These 
sources were counted by means of an end-window 
Geiger counter (window = 1.8 mg/cm? mica) and 
the measurements corrected for radioactive decay 
and background count. Counting rates ranged from 
approximately 200-4500 counts/min and the count- 
ing times were such as to obtain at least 4000 
counts. A standard Co® source was used to check the 
efficiency of the counter; no significant variation in 
efficiency occurred during the experiments. Sources 
were also prepared from the original stock solutions 
and by comparison of the total corrected counts 
from a fixed volume of solution the weight of phos- 
phate in the film was determined. 

The iron content of the solution obtained by re- 
duction of the film was determined colorimetrically 
using the thioglycollic acid method (7). By sub- 
tracting the weight of iron equivalent to the measured 
concentration of phosphate in the solution, the 
weight of iron due to the reduction of y-Fe,O; and 
hence the weight of oxide in the film was calculated. 

The results of these experiments are shown in 
Table I. The thicknesses of the oxide films were 
estimated using the apparent area of the specimens 
and an approximate figure of 5 g/cc for the density 
of y-FeOs. 


DIscusSsION 


The fact that appreciable quantities of phosphate 
are found in the passivity films confirms the sugges- 
tion that slow electrochemical attack takes place 
on the iron during the early stages of passivation. 
Oxygen dissolved in solution reacts with the surface 
of the iron, resulting in the formation of a thin film 
of y-Fe,O;, which must be primarily responsible for 
passivity, since it has been demonstrated by Pryor 
and Cohen (5, 6) that if the passivating solutions 
are deaerated, the iron suffers slow electrochemical 
corrosion. The presence of the phosphate must be 
ascribed to the fact that the oxide film takes an 
appreciable time to build up to a sufficient degree of 
thickness or continuity to prevent corrosion. 

Experiments were carried out in which specimens 
were exposed to dry air for periods of six hours and 
one week. The thickness of the oxide films was de- 
termined as described above and values of 127 A 
and 130 A respectively, obtained. Since the thick- 
ness of oxide films formed during passivation is of 
this order and their composition is the same, i.e., 
y-Fe.O;, it is considered that oxide films are formed 
in passivating solutions in a manner similar to that 
by which oxide films are formed in air. Furthermore, 
this heterogeneous reaction should be independent 
of the pH value of the solution. 

It is clear from the table that both the weights 
and percentages of ferric phosphate in the passivity 


films are greater in disodium phosphate ; han in 
trisodium phosphate. Since the ferric pho phate is 
formed as a result of the initial electrocher\:a) Cor- 
rosion, its quantity is a measure of the toi! corro. 
sion current flowing once precipitation has started, 
It was demonstrated previously (5) that, in phos. 
phate solutions saturated with dissolved air, the 
anodic polarization became greater with an increase 
in pH at constant total phosphate content: this 
polarization was believed the result of contraction 
of the anodic areas due to growth of the oxide rather 
than precipitation of ferric phosphate. Furthermore 
the cathodic polarization (largely of the reduction of 
dissolved oxygen) was little influenced by a change 
in pH. It follows, therefore, that the rate of the ini- 
tial corrosion will decrease with a rise in pH value of 
the solution. Furthermore, it was pointed out that 
the electrochemical formation of phosphate during 
passivity was under anodic control due to the small 
size of the areas available for anodic action. This 
latter statement may appear surprising in view of 
the comparatively high weights of ferric phosphate 
found in some of the films, but it was previously 
suggested (5) that the phosphate is more permeable 
to the diffusion of iron ions than y-Fe.O;. Conse- 
quently the inclusions of phosphate will thicken 
more rapidly than the oxide film. The ferric phos- 
phate, therefore, will not be distributed uniformly 
through the film but will be concentrated at the sites 
of the initial corrosion where its thickness will be 
greater than that of the surrounding oxide film. As 
the inclusions or “plugs” of phosphate thicken, their 
resistance to the diffusion of iron ions will increase, 
with the result that further precipitation of phos- 
phate will become progressively slower. Equilibrium 
is apparently attained after approximately 24 hours 
when the thickness of oxide and phosphate is suff- 
cient to prevent further detectable corrosion. It 
should be emphasized once more, however, that the 
ferric phosphate by itself does not form a protective 
film and that the thin film of oxide is primarily re- 
sponsible for passivity. 

It may also be seen that the weights of phosphate 
are comparatively reproducible, but that the weights 
of oxide have a much greater scatter. This may be 
due to the fact that the distribution of sodium phos- 
phate in the passivating soiution is likely to be more 
uniform than that of dissolved oxygen. 

The effect of varying the surface treatment of the 
specimens is less striking than that of pH. However, 
it appears that the pretreatment involving dipping 
in hydrochloric acid results in much higher phos- 
phate contents than pretreatments involving abra- 
sion. Presumably the surface, being initially largely 
free from oxide, has many more sites available for 
electrochemical action. Furthermore, the compara- 
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tively high initial rates of corrosion may also lead to 
precipi‘ ation of ferric phosphate on the surface of 
the oxide. In comparing experiments in which 
abraded specimens were either immediately im- 
mersed or allowed to grow an oxide film in air for 
»4 hours before immersion, it can be seen that the 
weight of phosphate is greater in the former experi- 
ments, but that the oxide film grows to a greater 
thickness. This results in the percentage of phos- 
phate being generally smaller in films formed on 
ireshly abraded specimens. Apparently there is little 
jurther growth of oxide in specimens that have been 
allowed to form a relatively thick air-formed oxide 
(lm prior to immersion in the passivating solution. 

The determinations carried out confirm the con- 
clusions of the previous electron diffraction study (4) 
which indicated that the passivity films formed in 
solutions of sodium orthophosphates are duplex. The 
phosphate is considered to be the result of slow 
electrochemical action during the early stages of 
oxide film formation, when the film is not sufficiently 
thick and/or continuous to prevent corrosion. Thus 
when an iron specimen is immersed in a passivating 
phosphate solution two reactions take place simul- 
taneously : 

(A) Direct formation of y-Fe,O; by oxygen dis- 
solved in solution. | 

(B) Initial electrochemical attack at discontinu- 
ities in this oxide film resulting in the formation of 
relatively thick “‘plugs” of FePO,-2H,O. 
The subsequent behavior of the specimen is largely 
determined by factors influencing reaction (B) since 
reaction (A) should only be affected by the partial 
pressure of oxygen in the solution and the surface 
condition of the iron. Any factor which increases 
the rate of (B) will lead to an enhanced initial rate 
of corrosion and will militate against ultimate pas- 
sivity. 

Evidence of the duplex nature of films formed in 
sodium hydroxide (8) and sodium nitrite (9) has 
also been obtained during the electron diffraction 
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studies of the authors and their co-workers. In these 
cases, however, the second constituent is y-FeO-OH- 
lepidocrocite. It appears probable, since the poten- 
tial/time curves of iron immersed in these inhibitors 
are so similar to those obtained in sodium ortho- 
phosphates, that the passivity films are built up in a 
similar manner to that described above. 


SUMMARY 


Films formed during passivation of iron in solu- 
tions of sodium orthophosphates containing dissolved 
air have been shown to contain some ferric phos- 
phate in addition to y-Fe.O;. The quantity of phos- 
phate decreases with a rise in pH at constant phos- 
phate content, being about half as great in 0.1M 
NagPO, (pH = 12.2) as in 0.1M Na,HPO, (pH = 
9.1). Surface pretreatments involving destruction 
of the original air-formed oxide film by dipping in 
acid result in high phosphate contents compared 
with surface treatments involving abrasion at sim- 
ilar pH values. The equilibrium thickness of y-FesO, 
also formed during passivation is similar to that 
resulting from exposure of iron to dry air. 


Any discussion of this paper will appear in a Discus- 
sion Section to be published in the June 1953 issue of the 
JOURNAL. 
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A Polarographic Method for the Indirect Determination 
of Polarization Curves for Oxygen Reduction 


on Various Metals 


Ill. Chromium, Molybdenum, Tantalum, Titanium, Tungsten, and Zirconiun: 


Paut DeLAHAy AND LeE J. 


Department of Chemistry, Louisiana State University, Baton Rouge, Louisiana 


ABSTRACT 


Polarization curves for the electrolytic reduction of oxygen are determined for several 


metals by application of a polarographic method previously described (1). The contri- 
butions of the two and four electron processes, i.e., reduction of oxygen to hydrogen 
peroxide and to water, respectively, are determined. The electrolytic reduction of oxy- 
gen on chromium, tantalum, titanium, and tungsten may yield appreciable quantities 
of hydrogen peroxide. Very little hydrogen peroxide is formed on zirconium and molyb- 


denum. 


INTRODUCTION 


An indirect method for the determination of the 
polarization curves corresponding to a single elec- 
trode process was recently reported (1) and applied 
to the study of the reduction of oxygen on various 
metals (1) and to related corrosion processes (2). 
In the present paper, the method is applied to the 
reduction of oxygen on six of the less common 
metals. In this indirect method, the electrode, on 
which the oxygen reduction is studied, is polarized 
at a constant potential in a closed vessel containing 
a solution initially saturated with air. The concen- 
tration of oxygen is measured by the polarographic 
method in the course of time, and the polarization 
current corresponding to the reduction of oxygen 
at the metal surface is calculated from the oxygen 
concentration-time curve. The complete polariza- 
tion curve is obtained by repeating the experiment 
for several potentials. The reduction of oxygen at a 
given potential is characterized by its apparent num- 
ber of electrons n which is defined as follows (1): 

Amount of oxygen reduced at time ¢ in 
the four-electron process 


22343900 
total amount of oxygen reduced at time ¢ 


The value of n at a given potential is calculated 
from the polarographic data thus obtained. The 
experimental method and the calculations of the 
polarization curve have been previously reported 
(1) and no further details are needed here. All the 
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of the JouRNAL. 


measurements were carried out in a phosphate butler 
at pH 6.9 (1). 


EXPERIMENTAL RESULTS AND DISCUSSION 
Chromium 


The polarization current for the reduction of oxy- 
gen and the apparent number of electrons involved 
in the reduction of oxygen are plotted against poten- 
tial in Fig. 1. Since the apparent number of electrons 
is close to two over a wide range of potentials, hy- 
drogen peroxide may be formed at a chromium 
electrode with almost theoretical efficiency. In the 
neighborhood of —0.4 volt there is a rather rapid 
transition from the two-electron process to the four- 
electron process, and the current increases accord- 
ingly. The overvoltage for the reduction of oxygen to 
water is smaller than that for most of the common 
metal previously studied (1). From this point of view, 
chromium behaves as iron although the chromic- 
chromous couple does not catalyze the decompos'- 
tion of hydrogen peroxide, whereas the ferric-ferrous 
couple does. This results from the fact that the po- 
tential for the Fet*-Fe*? couple (EZ) = 0.77 voll 
(3) is comprised between the potential for the H,0-- 
H.O (Ey = 1.77 volts) and O.-H.O. (Ey = 0.68 volt 
couples whereas the potential of the Crt*-Cr** couple 
(Eo = —O0A1 volt) is not. In the case of the Fe*- 
Fe*? couple, hydrogen peroxide is oxidized to oxyge! 
by Fet*, and the ferrous derivative resulting from 
this reaction is reoxidized by hydrogen peroxide. 
In the case of the Cr**-Cr*® couple these reactions 
do not occur. 

The values of the apparent number of electrons 
nat —1.13 and —1.26 volts (vs. N.H.E.) (see Fig. ! 
are smaller than 4. This is rather unexpected since 
n is equal to 4 at less negative potentials. The de 
crease of n at high negative potentials is possibly 
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elated » the evolution of relatively large quantities 
of hydrogen at the electrode. However, it seems 
Jificult postulate a plausible mechanism account- 
ing for the decrease of n. 


Tantalum 


The data of Fig. 2 show that the behavior of tan- 
‘alum in the electrolytic reduction of oxygen is 
somewhat similar to that of chromium. However, 
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Fic. 1. Polarization curve and apparent number of elec- 
tron-potential curve for the reduction of oxygen on chro- 
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Fic. 3. Case of titanium 


experimental results were erratic and the catalytic 
decomposition of hydrogen peroxide was very pro- 
nounced at slightly positive potentials (vs. normal 
hydrogen electrode). 


Titanium 


The case of titanium (Fig. 3) is similar to that of 
silver (1). Appreciable quantities of hydrogen perox- 
ide may be produced at potentials between —0.4 
and —1 volt (vs. N.H.E.). At potentials less negative 


Vol. 99, Vo. 12 DETERMINATION OF POLARIZATION CURVES 5A7 


than —0.4 volt the catalytic decomposition of hy- 
drogen peroxide maintains the concentration of that 
substance at a very low limit. 


Tungsten 


Tungsten favors somewhat the production of hy- 
drogen peroxide (Fig. 4) although more than 50 per 
cent of the oxygen is at least reduced to water. In 
this respect, tungsten is comparable to platinum (1). 
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Fic. 6. Case of molybdenum 


Zirconium and Molybdenum 


These metals do not favor the production of hy- 
drogen peroxide (Fig. 5 and 6). This may be ex- 
plained as follows. First, it may be assumed that the 
overvoltages for the reduction of oxygen to hydro- 
gen peroxide and for the reduction of hydrogen per- 
oxide to water are such that practically no hydrogen 
peroxide can be formed on the electrode (1). Another 
explanation is that the reduction of hydrogen per- 
oxide to water is “catalyzed” by the intermediate 
formation of a peroxyderivative of zirconium or 
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molybdenum. Such a compound would be formed 
by reaction of hydrogen peroxide with the oxide or 
hydrated oxide covering the surface of the metal (4). 
In the next step, the peroxyderivative would be 
reduced with the formation of water. Thus, the re- 
duction of oxygen to water with the intermediate 
formation of a peroxyderivative would occur at a 
potential at which oxygen would be reduced to hydro- 
gen peroxide in the absence of a peroxyderivative. 
A similar mechanism was recently proposed for the 
polarographic reduction of oxygen in the presence 
of carbonic acid (5). 
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Primary Current Distribution Around Capillary Tips Used 
in the Measurement of Electrolytic Polarization’ 


SipNeEY BARNARTT 


Westinghouse Research Laboratories, East Pittsburgh, Pennsylvania 


ABSTRACT 


Equipotentials have been mapped out around the electrode and the tip of the capillary 
for the following arrangements: (a) capillary in front of the electrode; (b) capillary be- 
hind a finite electrode having an insulated back; (c) capillary through the back of the 
electrode and having its tip at the front surface. Arrangement (a) can be used for accu- 
rate measurements if the distance between the electrode and the capillary tip of radius 
r is 4r or more, and any appreciable JR drop subtracted. Arrangement (6) is unsatis- 
factory because the current density varies over the surface of the electrode. With ar- 

angement (c) the current density is increased at the area nearest the capillary, hence the 
polarization measurement tends to be too high. 


INTRODUCTION 


In the study of electrolytic polarization it is im- 
portant to measure the polarization (the change in 
electrode potential resulting from current flow) at 
known current densities. Hence it is desirable to 
maintain uniform current density over the surface 
of the electrode. The most suitable electrode geom- 
etries are those sectioned from one of the three 
systems: infinite parallel planes, infinite coaxial cyl- 
inders, and concentric spheres. Kasper (1) has dis- 
cussed the requirements for producing the electro- 
lytic analogues of these systems. 

If the polarization at one electrode of a cell can be 
made negligible, that at the other is determined by 
the total potential difference and the JR drop across 
the cell. Such cells are readily achieved using coaxial 
cylinders or concentric spheres, since the current 
density at the outer electrode may be made ex- 
tremely small. With plane parallel electrodes, it is 
generally impossible to maintain one of the elec- 
trodes unpolarized. In the well-known Haring cell 
(2), however, this difficulty is circumvented by the 
insertion of plane screen probes between the elec- 
trodes; measurement of the total potential difference 
and JR drop between an unpolarized screen and the 
electrode under study yields the polarization voltage. 

There are three methods of measurement which, 
as ordinarily carried out, do not include the evalua- 
ion of JR drops. The potential of the polarized elec- 
irode is determined by comparison with an external 

' Manuscript received February 26, 1952. This paper pre- 
pared for delivery before the Philadelphia Meeting, May 4 
‘0 8, 1952. The author has kindly consented to a delay in 


publication so that this paper may appear in the special 
Theoretical Electrochemistry Issue. 


reference (constant potential) electrode which is con- 
nected to the cell through a tube of electrolyte.’ 

1. Direct method: The potential measurement is 
made while current is flowing through the cell. In 
order to prevent inclusion of an 7R drop, the end of 
the tube from the reference electrode is reduced to a 
fine capillary, the tip of which is brought close to the 
surface of the polarized electrode. This procedure is 
open to the criticism that an 7R drop through the 
solution will be included in the measurement unless 
the tip is placed against the electrode surface; and, 
if this is done, the capillary shields the electrode 
causing decreased current density, hence decreased 
polarization, at the important portion of the surface 
facing the tip. In addition, where the electrode 
reaction produces a film of appreciable resistance 
over the electrode, the direct method does not sepa- 
rate out the ohmic potential across the film (al- 
though in some cases it is preferable to consider this 
potential part of the polarization voltage). 

2. Commutator method: The polarizing current 
is interrupted periodically and the measurement is 
made during the open-circuit intervals. In this way 
all ohmic potentials are eliminated. This method is 
complicated by the fact that the electrode potential 
must be measured at rapid intervals after opening 
the circuit, and the potential-time curve extrapo- 
lated to zero time. When the polarization is large it 
decays so quickly that the extrapolation becomes in- 
definite. Furthermore with interrupted current the 
polarization may fail to reach the desired continu- 
ous-current value. 

3. Polarization-decay method: After the electrode 
has been polarized with continuous current for a 
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? Detailed reviews of this subject have been presented by 
Ferguson (3) and Bockris (4). 
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given time, the circuit is opened and the initial 
potential-decay curve recorded by means of an oscil- 
lograph. At low current densities any /R drop included 
in the decay curve is readily spotted and eliminated; 
at high current densities the initial polarization de- 
cay becomes too rapid to differentiate it from an JR 
drop with present equipment. 

Thus each of the three methods has its limitations. 
The direct method is by far the simplest, conse- 
quently it is desirable to develop this one to high 
precision. Considerable work along this line has been 
done by Ferguson and coworkers (3, 5, 6), who 
studied the inclusion of 7R drops by means of poten- 
tial-deecay curves; no JR drops were detected in 
measurements on a large number (but relatively 


1000 
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Fic. 1. Apparatus for measuring equipotentials 


narrow field) of electrode systems. A more funda- 
mental approach to the problem is the mapping of 
equipotential surfaces around the electrode and the 
‘apillary tip in order to determine both the ohmic 
potentials and the effect of shielding. Piontelli and 
Bianchi (7) have obtained such maps but used an 
incorrect model. Instead of a capillary tube, the 
model actually represented an infinitely long sheet 
of electrolyte between insulating plates. Neverthe- 
less their results indicate that the shielding effect 
can cause serious error in polarization measurements. 

In the present investigation, true models have 
been set up and the primary (electrostatic) distribu- 
tion of equipotentials mapped out. The following 
systems were studied: (a) capillary in front of the 
electrode the Luggin-Haber arrangement (8); (b) 


Dece ber 1939 


capillary behind a plane electrode having an ing, 
lated back—the arrangement used by Fer, iso) and 
Kleinheksel (6); (c) capillary through the back y 
the electrode and having its tip at the front surface 
the arrangement favored by Piontelli (9). 

Each of the capillary systems selected for sty 
had an axis of symmetry passing through the midi 
of the capillary. It was sufficient, therefore, to trac, 
the equipotential lines in any one plane containing 
the axis. Electrolytic models were set up in a Wedge. 
shaped tank, and the equipotentials were Mapped 
out in the plane represented by the top surface of tly 
electrolyte. 


PROCEDRRE 


The potential-mapping apparatus, shown schema). 
ically in Fig. 1, was a modification of one describe: 
previously (10). A tank with a sloping bottom wa: 
filled with potassium dichromate solution up to tly 
“shore line’ s. The electrolyte represented a wedy 
sectioned from a conducting system having ecyliy 
drical symmetry. Thus the shore line was the axis o/ 
symmetry, and the copper electrodes e; and e, cor- 
responded to two parallel disks inside a tube. 

The insulator, c, which represented the wall of the 
capillary tube, had straight sides perpendicular \ 
the top surface of the electrolyte, whereas the side: 
should be curved about the axis of symmetry. Little 
distortion was incurred, however, since the bottom 
of the tank sloped only 6 degrees. All insulators wer 
sealed to the bottom of the tank with vacuum grease 

The electrical circuit was essentially an a-c Whea' 
stone bridge. A movable probe, p, dipping just be- 
low the surface of the electrolyte, was connected 10 
the potentiometer, r, through a detector system «-/ 
v. The voltage across the detector was a minimum 
whenever the probe was on the equipotential |in 
corresponding to the potentiometer setting. Thu 
equipotentials were readily traced out. The prol) 
was carried by an accurate pantograph, by means 0! 
which the equipotential lines were mapped out on « 
drawing board near the tank. 

The following improvements over the previous 
circuit (10) were incorporated in order to perm 
accurate potential measurements inside the capillary 
Out-of-phase components were considerably 
creased in this high-resistance region. (A) The con- 
centration of the potassium dichromate solution was 
increased tenfold (to 0.05%). Polarization at coppe! 
electrodes in this solution at 1000 cycles/sec, deter 
mined as previously described (10), was eatire! 
negligible. (B) The oscillator, which had a shielde! 
transformer at the output, was positioned 3 meter 
away from the bridge circuit. All connecting leads 
were either shielded or very short. (C) The out-0: 
balance signal from the bridge was first ma zaified 
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Fig. 2. Potential map, capillary of radius r at a distance 
rin front of the electrode. 
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Fic. 3. Potential map, capillary of radius r at a distance 
trin front of the electrode. 
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Fic. 4, Potential map, capilllary of radius r at a distance 
rfrom the insulated back of a finite electrode. 


by a factor of 100 in the amplifier a (model 220, 
Ballantine Laboratories Inc.), then filtered through 
the 1000-eyele/see band-pass filter f (type 880R, 
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General Radio Company), and finally observed on a 


logarithmic-seale voltmeter (Ballantine model 300). 


RESULTS 


The models studied and their potential maps are 


shown in Fig. 2 to 5. The potentials of the lines and 


points shown are given as percentages of the total 


voltage across the two electrodes. 


Fig. 2, 3, and 5 represent systems in which the 
current density over the electrode is uniform except 
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Fic. 5. Potential map, capillary through the back of the 
electrode and having its tip at the front surface. 


TABLE I. Normal potential gradients at the surface of the 
electrode 


Potential gradient, %/cm 
Distance from axis 6 » Tol 


of symmetry 


| Fig. 1 Fig. 2 } Fig. 4 
r/2 0.7 1.09 
r 0.9 1.09 
3r/2 1.9 
2r 1.8 
3r Li 1.10 1.69 
tr 1.10 1.67 
Theoretical* 1.11 1.11 1.67 


* In absence of capillary. 


for the distortion in the vicinity of the capillary. 
The degree of distortion is indicated by the data in 
Table 1, which lists some measured potential gra- 
dients at the electrode. The normal gradient was 
determined from the curve of potential vs. distance 
from the electrode, by taking the slope at zero dis- 
tance; the point on the curve representing the elec- 
trode position was obtained by extrapolation. The 
current density, 7, is directly proportional to the 
normal gradient dV/dn, viz., 


i= —xdV/dn 
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where « is the conductivity of the electrolyte. The 
potential inside the capillary corresponds to the 
following distance from the electrode in the undis- 
torted portion of the electric field: Fig. 2, 0.437 r; 
Fig. 3, 3.31 r; Fig. 5, 0.559 r; where r is the radius 
of the capillary. 

Fig. 4 represents a case where the capillary is 
situated behind a finite electrode having an insu- 
lated back. The map shows clearly that a substantial 


TABLE IL. JR drop* in mv between electrode and capillary 
tip of radius r = 0.03 em separated a distance 4r 
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FIG. 6b 


Fic. 6. Schematic potential maps for polarized elec- 
trodes. 


ohmic drop exists between the capillary and the front 
surface of the electrode. This arrangement is basi- 
cally unsatisfactory because the current density varies 
continuously over the surface of the electrode. 


DISCUSSION 


When the capillary tip is in frout of the electrode 
and relatively far away (Fig. 3), it has little effect 
on the potential distribution at the electrode. As 
long as the current density remains the same all 


over the electrode, the primary potential distri), 
tion will be maintained even when the electrode 
polarized. Thus with the tip a distance 4r (or mop 
if feasible) from a plane electrode, accurate polariyy. 
tion values can be obtained provided correction 
made for the JR drop. Table II lists examples , 
these corrections for r = 0.03 cm. The usable range 
of solution conductivity and current density ap 
approximately those below the heavy stepped line 
Such corrections are only valid, however, when th 
conductivity of the electrolyte film next to the ele. 
trode does not deviate appreciably from the by 
conductivity.* 

As the capillary tip is brought closer to the ele. 
trode, the current density over the electrode become: 
nonuniform, and the potential distribution when the 
electrode is polarized will differ from the priman 
distribution. The distortion of the electric field y. 
duces the current density at the electrode near the 
capillary tip (Fig. 2) and hence contributes a negs. 
tive error to the polarization measurement. The /) 
error is always positive. Fig. 6a was drawn to illus. 
trate the case where the capillary is sufficiently clos 
to a polarized electrode that the resultant of the tw 
errors is negative. The potential V in Fig. 6 repre. 
sents the desired value, namely that in the solutio: 
adjacent to the electrode in the undistorted sectio: 
of the electric field. 

A large number of polarization studies have bee: 
reported wherein the authors attempted to preven 
the inclusion of 7R drops in the measurements }) 
pressing the capillary tip firmly against the electrode 
All of these polarization values must be considered 
too low. In the limiting case where the tip of the 
capillary forms a perfect seal against the surface oi 
the electrode, the polarization would appear to be 
zero at all current densities. 

When the capillary pierces the back of the elec- 
trode (Fig. 5), the distortion of the electric fiell 
causes an increase in current density next to th 
capillary and hence contributes a positive error 
Polarization values obtained with this arrangemet' 
must always be too high. This case is indicated 
schematically in Fig. 6b. 


CONCLUSIONS 


Accurate measurements of electrolytic polariz- 
tion can be made by the Luggin-Haber capillary 
method under the following conditions: 


* Azzam and Bockris (11) used several capillary tips *' 
various distances from the electrode, and extrapolated tl 
results to zero distance. When correcting for IR drops } 
this means, it is important that the nearest tip be suf 
ciently far from the electrode so that no shielding occur 
The extrapolation will still be uncertain if a large condu 
tivity change takes place between the electrode and th 
nearest tip. 
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|. The current density should be uniform over the 
Belectrode. 
9 The capillary of radius r should be positioned 
at a distance of at least 4r in front of the electrode. 
3 The JR drop included in the measurement 
should be evaluated and subtracted. At low current 
densities and in highly conducting solutions this 
correction can be made negligible. 


Any discussion of this paper will appear in a Discus- 
sion Section, to be published in the June 1953 issue of the 
JOURNAL. 
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Discussion Section 


RESISTANCE OF TITANIUM TO SULFURIC AND 
HYDROCHLORIC ACIDS INHIBITED BY FERRIC 
AND CUPRIC IONS 


Joseph R. Cobb and Herbert H. Uhlig (pp. 13-15) 


R. D. Mrscu': In regard to the blue film observed in 
the presence of inhibitor, it was suggested that occluded 
copper salts may be responsible. We have found in ano- 
dizing titanium in sulfuric acid solutions that thin oxide 
films exhibiting various interference colors are produced. 
The blue film mentioned in this paper may be of the same 
type, resulting from the oxidizing action of the inhibitors. 

Hersert H. Unie: It is quite true, as Dr. Misch ob- 
serves, that a blue film formed on titanium may represent 
an interference color and have nothing to do with oceluded 
copper salts. During our corrosion tests, copper in solu- 
tion gradually diasppeared, as determined by copper an- 
alyses, with the precipitated copper salts presumably en- 
tering the surface film formed on titanium. However, our 
later tests showed that blue films could form even before 
there was appreciable loss of copper so that in this case, 
the blue color was almost certainly not related to the color 
of copper salts and was, therefore, presumably an inter- 
ference color. 

M. E. SrrauMants*: Bureau of Mines titanium becomes 
passive even in pure sulfuric acid*. The rate of corrosion 
in our experiments dropped almost to zero after a corrosion 
period of 80 to 400 hours. The bright surface of the metal 
(during the corrosion period) turned grayish violet when 
the passivation started. Remington Arms titanium covers 
itself with a layer of a similar color even in hydrofluoric 
acid when its concentration is below 0.2N. Thus, the for- 
mation of a protective film seems to be a property of ti- 
tanium itself and does not depend on the presence of Cu** 
and Fe*** as inhibitors. 

Did the authors observe the formation of a bluish film 
on titanium while d’ssolving in pure sulfuri¢ acid (without 
the presence of inhibitors)? Maybe the inhibitors only 
stimulated the formation of the natural film? 

What happened with the film when the samples were 
dried, and what with the adsorbed Cu**+ and Fet*+*? Was 
the sample still passive after that? 

Hersertr H. Unuia: We did notobserve passivation of ti- 
tanium by sulfurie acid after a long period of exposure, as 
reported by Dr. Straumanis, nor did we look for it. What 
we did observe is that in absence of cupric or ferric ions, 
the initial corrosion rate is extremely high in both boiling 
sulfuric and hydrochloric acids. Although there is a pos- 


Tuts Discussion Section includes discussion of papers 
appearing in the Journat of The Electrochemical Society, 
99, No. 1-6 (January-June 1952). 

' Argonne National Laboratory, Chicago, Ill. 

* University of Missouri, School of Mines, Department of 
Metallurgy, Rolla, Mo. 

StrauMANts AND P. C. Cuen, Corrosion, T, 229, 
Fig. 2, 3, 4, 5, 8, and 9 (1951). 


sibility that inhibitors stimulate the formation of 9 4j 
fusion-barrier protective film, we observed no evideyg, 
for this. For example, we were able to activate titaniyy 
samples covered by a blue corrosion product film in jo; 
hydrochloric acid accompanied by visible hydrogen eyoly 
tion, yet without disappearance of the blue color yy 
the reaction had proceeded for some time. The protectiy 
film, therefore, presumably underlies the thicker jy 
layer. Samples dried in the air were passive on re-exposuy 
to boiling acids, but only temporarily so unless inhibjty: 
was present. 


THE ELECTRODEPOSITION OF COBALT-TUNGSTEN. 
MOLYBDENUM ALLOYS FROM AQUEOUS CITRATE 
SOLUTIONS 


R. F. McElwee and M. L. Holt (pp. 48-52) 


WituraM BuivuM*: I wish to make a plea for more use oi 
the equivalents in planning and reporting experiments 
electrodeposition, also of reporting the composition of allo 
deposits in “atomic per cents.”’ Only through such dat 
may we hope to throw light on the mechanism of electr 
deposition, especially alloy deposition. 


THE EFFECT OF INDIUM SULFATE IN CHROMILY 
PLATING BATHS 


Norman Hackerman and Tyleen Jensen (pp. 60-63 


G. E. Garpam®: It is a notable observation that easi) 
deposited cations, such as copper, when added to a chr 
mium plating bath, are not found in appreciable quantitie: 
in the deposit. It has also been found that addition | 
trivalent ions, such as chromium itself, iron, or aluminu 
appreciably increase the efficiency of deposition®. This hia: 
been used as a basis of a method increasing the efficienc 
of chromium deposition at high temperatures where tl 
deposit is relatively soft (and incidentally crack-free) t 
provide a practical method of obtaining a machinabi 
chromium deposit. A typical solution for this purpose co 


tains CrO; 250 g/l, H:sSO, 2.5 g/l, and iron (added « 


ferrous carbonate) 25 g/l and is operated at 85°C, 2 
amp/ft? (20.0 amp/dm*) when the efficiency is 10 pe 
cent and the hardness 444 DPN. A similar solution wit! 
lower CrO;/HSO, ratio can also be operated. 


It was suggested by the writer that, following Kasper: 
theory of chromium deposition’, the added trivalent ion 


vary the permeability of the cathode film by being pre 


cipitated as their hydroxides on the colloidal chromium 
dichromate, whereby tte acidity of the catholyte between 


the film and the cathode is slightly reduced and hydroge' 


* National Bureau of Standards, Washington, D. C 


5 Design and Research Centre for the Gold, Silver av’ 


Jewellery Industries, Goldsmiths’ Hall, Foster Lan 


Cheapside, KE. C. 2, London. 
6 J. Electrodepositors’ Tech. Soc., 20, 69 (1945). 
7 Bur. Standards J. Research, 9, 353 (1932). 
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oyolutio. made somewhat more difficult. It is now sug- 
vested that a similar mechanism may operate with trivalent 
ndium. 

Norm \N HackerMAN: This could account for the cur- 
all efficieney, although with indium there was no appre- 
siable increase of current efficiency. The idea that it may 
act as a buffering constituent is wholly appropriate and 
should be capable of proof. However, it does not suggest 
reasons for the erack-free nature and bendability of the 
plate formed at 40°C. We have speculated on a mechanism 
vhich is regulatory in a similar sense. If the function of 
the sulfurie acid is to supply sulfate ions which vie com- 
yetitively with chromate ions for the metal surface, then 
the sulfate ion/chromate ion ratio found empirically is a 
function of this competition. The latter, however, depends 
on the activity of the sulfate ions, and it may be that the 
In’** by virtue of complexing sulfate ions acts as a means 
of more precise regulation of the activity, i.e., a “‘vernier”’ 
to provide more nearly the ratio needed to permit reduc- 
tion of adsorbed chromate ions* more slowly and more 
uniformly in the plane of the electrode surface. 


PRODUCTION OF TITANIUM INGOTS BY MELTING 
SPONGE METAL IN SMALL INERT-ATMOSPHERE 
ARC FURNACES 


W. E. Kuhn (pp. 89-96) 


L. W. Easrwoop®: What is the melting efficiency when 
one pound of Ti is melted in an are furnace by using | 
kwhr of power? 

W. E. Kuun: Before replying to the discussion the 
author would like to thank the various contributors for 
the interest in his paper. 

In answer to the question of Mr. Eastwood regarding 
melting efficiency, on the basis of a reported value of 384 
calories required to heat and melt one gram of titanium, 
a value of 1.74 x 10° gram ealories has been calculated 
for the energy required to heat and melt one pound of 
titanium. If this is done in one hour with a power input 
of one kilowatt, the total energy required will have been 
| kwhr or 8.6 x 10° gram calories. On this basis, the ob- 
served efficiency would be 1.74/8.6 or approximately 20 
per cent. 

G. R. Fintay'®: Is there any danger of melting through 
the copper crucible? If so, what happens? 

W. &. Kunn: Concerning Dr. Finlay’s question of the 
danger of melting through the copper crucible, the answer 
is yes, there is a danger of melting through the copper 
crucible, particularly when sponge exhibiting a high degree 
of spatter is being melted. When the are penetrates the 
crucible wall and the least amount of water enters the 
crucible, the are voltage immediately rises and the are is 
extinguished. So long as the hole produced is very small 
(as is generally the case) and the flow of water into the 


lurnace correspondingly small, there is little danger of an 
explosion, 


* Reference (8) of the paper. 
* Battelle Memorial Institute, Columbus, Ohio. 
Norton Company, Chippawa, Ontario, Canada. 
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C. H. Cuturon": What gas was used to provide the 
inert atmosphere? 

W. E. Few": Do you use tank argon, and is it used at 
atmospheric pressure? 

W. E. Kuan: Tank argon of special purity (about 99.95 
per cent) was used at atmospheric pressure, and this, I 
believe, answers the questions of Messrs. Chilton and 
Few. 


DEVELOPMENT OF GRAPHITE ELECTRODES AND 
STUDY OF HEAT LOSSES WITH DIFFERENT ELEC- 
TRODES IN THE SINGLE ELECTRODE INERT- 
ATMOSPHERE ARC FURNACE 


W. E. Kuhn (pp. 97-108) 


S. A. Prussin ano J. G. Kora": We wish to congratu- 
late the author on his excellent contribution to the under- 
standing of are furnace design. Particularly interesting 
are his calculations which show that under favorable are 
conditions as much as 70 per cent of the heat energy passes 
through the ingot. We would like to point out that the 
efficiency, in terms of the energy required to heat the 
titanium metal from room temperature to its melting point 
and to melt it, is a much smaller percentage. 

The data of Raeger, Rosenbohm, and Fonteyne" give a 
value of 384 cal/g for the heat energy required to heat and 
melt titanium. In Table VIII the author gives the working 
amperage and voltage, together with the corresponding 
values of melting time and charge weight. This permits the 
calculation of the actual energy used to melt a unit weight 
of titanium metal. Using the mid point in the ranges of 
the values given by the author, we obtain values of 5420, 
7990, and 6550 cal/g utilized to melt the heats listed. On 
the basis that 384 cal/g are required to heat and melt 
titanium, the melting efficiency for the three heats in the 
order they are listed in Table VIII is 7.1, 4.8, and 5.9 
per cent, respectively. Thus, although up to 70 per cent 
of the supplied heat energy enters the ingot, only 5 to 7 
per cent of the total energy supplied is utilized in actual 
melting. 

W. E. Kuan: The author first wishes to thank the vari- 
ous contributors to this discussion for the consideration 
given to his paper. 

Although the author is not clear as to how Messrs. 
Prussin and Kura calculated their efficiencies, since neither 
melting time nor ingot weight was given in Table VIII, 
he is in agreement with the order of their values. A sample 
calculation for the six-pound ingot described on page 102 
of the paper under discussion is summarized in Table I. 
An actual over-all efficiency of 3.2 per cent was calculated. 
If it is assumed that approximately 50 per cent of the en- 
ergy enters the ingot (see Table VIII) and is considered 
useful because it does so, then the efficiency in terms of 
this useful energy is about 6.4 per cent. 

It will be apparent that these efficiencies may be greatly 
varied by employing different design features. Thus for 
example, shorter are lengths and greater electrode-to-cru- 


" McGraw-Hill Publishing Company, Ine., New York, 

'2? Battelle Memorial Institute, Columbus, Ohio. 

'S Battelle Memorial Institute, Columbus, Ohio. 

Rec. trav. chim., 65, 615 (1936). 
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cible diameter ratio, which are made possible by using carbide. A much more satisfactory experiment |.) illustrat. 
consumable electrodes, would be expected to further in- ing this reaction was obtained when we use , silicon 


crease the effectiveness of the power. 

P. H. Brace": From the block diagrams presented by 
the author, I gained the impression that there was appre- 
ciable carbon pick-up even with the tungsten electrode 
and that the highest hardness was shown by tungsten- 
electrode melts. What was the origin of the carbon in 
those cases? 

W. E. Kuan: In reply to the question by Dr. Brace, 
the presence of the carbon is believed to result from the 
reduction of small amounts of phosgene in the TiCl, used 
to produce the sponge metal. 

L. W. Easrwoop"*: Have you had any experience with 
tungsten electrodes containing thoria or rare earth oxides? 

W. E. Kuun: The answer to the question of Dr. East- 
wood is that we have not used tungsten treated with thoria 
or rare earth oxides. However, it has been reported that 
thoriated tungsten produces considerably more stable 
ares of higher current density for melting titanium than 
untreated tungsten”. Also, one might expect similar re- 
sults from additions of the rare earth oxides to tungsten 
electrode material. 


TABLE L. Sample calculation of melting efficiency for a 6-lb 
titanium ingot melted in a 3-inch diameter crucible using 
an electrode provided with a titanitum-coated tip 


Theoretical 
Melting} Avg Avg | Power | calories to Effi- 
: rate | current} voltage| input heat and toy ciency 
ingot Ito melt lg or 
ibs Ibs‘hr | amp v kwhr | melt 1 g ti- sleeniam % 
tanium 


6.25 | 3.6 | 925 25 | 23.1 384 


12,170 | 3.2 


THE RELATIONSHIP OF ALPHA AND BETA SILICON 
CARBIDE 


Henry N. Baumann, Jr. (pp. 109-114) 


J. H. Wesrsroox®: Please elaborate on the experiments 
on the formation of SiC in lead-silicon alloys, particularly 
with regard to the size, shape, and distribution of SiC 
particles formed. 

Henry N. Bauman, Jr.: In all our experiments in which 
the object was to form silicon carbide by the reaction of 
the silicon from low melting alloys with carbon, the silicon 
carbide that was recovered was very fine. It consisted of 
either microcrystalline greenish particles that were iso- 
tropic when examined petrographically, or of greenish 
gray aggregates made up of particles so fine that the ag- 
gregate appeared opaque. It was necessary to chemically 
remove the residual alloy metals to obtain material that 
could be satisfactorily examined. The positive identification 
of beta silicon carbide was by x-ray diffraction. 

The lead silicon alloy actually gave very little silicon 


' Westinghouse Research Laboratories, Kast Pittsburgh, 
Pa. 

'€ Battelle Memorial Institute, Columbus, Ohio. 

'T Round-Table Discussion, ‘‘Methods of Refractory 
Metal Melting,’’ Spring Meeting, The Electrochemical 
Society, May 8, 1952. 

‘8 General Electric Company, Research Laboratory, The 
Knolls, Schenectady, N. Y. 


aluminum-zine alloy’. 


THE SYNTHESIS, FABRICATION, AND PROPERTips 
OF BERYLLIUM CARBIDE 


John H. Coobs and Walter J. Koshuba (pp. || 5-129) 


Guy Ferrertey”: What type of mill is used for the 
preparation of Be:C powder for hot-pressing? Can an, 
liquid grinding medium be used? When steel balls are 
used for grinding, how much Fe is introduced? Can it be 
removed, possibly by carbony! formation? 

Joun H. Coons: As explained in the original paper, , 
four-quart, rubber-lined mill with steel balls was used fo; 
the grinding operation. About 1.5 per cent iron was ‘ptro. 
duced in this process. 

Several liquids were tried as grinding media, for instance. 
carbon tetrachloride and kerosene. However, since Be.( 
hydrolyzes slowly in the presence of water, any liquid 
medium must be very dry. Also, we found that the increase 
in grinding efficiency through the use of liquid media was 
more than offset by the tedious and time consuming sepa. 
ration of the BesC powder after grinding. The use of 
liquid media was thus discontinued. 

No attempt was made to remove the iron introduced in 
the grinding process. It is quite possible that it might be 
removed by the carbonyl process. However, more recent 
developments have produced a finely divided BesC powder 
of high quality by direct synthesis, thus eliminating the 
need for extensive grinding operations. 

Juuius J. Harwoop”: Are any special safety precautions 
necessary in the processing or handling of beryllium carbide? 

Joun H. Coons: The usual precautions for handling of 
all beryllium compounds were observed. Specially designed, 
high-velocity exhaust hoods were used for all operations 
involving handling of powders or machining of specimens 
from hot-pressed bodies. Continuous air samples were 
taken and a working level of less than one microgram cm’ 
of beryllium was required before the hoods were approve! 
for use. 


THE MECHANISM OF THE CATHODIC HYDROGEN 
EVOLUTION REACTION 


J. O'M. Bockris and E. C. Potter (pp. 169-186) 


M. E. Srraumanis™: Cannot the breaks on the over- 
voltage-log current density curves be explained by changes 
in the surface of the cathodes during the electrolysis? It is 
very well known that the overvoltage rises if the elec 
trolysis is continued sufficiently long at a constant current 
density and that the changes in the cathodic surface are 
accompanied by overvoltage changes. 

What is the reproducibility of the breaks? Can the breaks 
be reproduced in both cases of increasing and decreasing 
current? 


19 J, Electrochem. Soc., 99, 111 (1952). 

2° Box 26, Chippawa, Ontario, Canada. 

*1 Office of Naval Research, Navy Department, Washing 
ton, D.C. 

*2 University of Missouri, School of Mines, Department © 
Metallurgy, Rolla, Mo. 
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J. 0’M. Bockris AND E. C. Porrer: Sharp breaks in 
the Tafel lines during cathodic hydrogen evolution on 
yetals have been observed on smooth Pt® and Ag elec- 
nodes, It is improbable that these breaks are due to 
changes in the surface of the cathode during electrolysis 
yecause (@) the breaks are usually accompanied by a 
sharp change in slope of the Tafel lines from, e.g., 0.03 
» 0.12 approximately, these values being associated with 
ipfinite mechanisms of the hydrogen evolution reaction; 
>) changes occur at definite potentials, which would seem 
unlikely if change on electrode surface were the cause. 
if the changes were due to changes in the type of surface 
such as its “activity,” or heat of adsorption of hydrogen 
stoms) one might expect a more gradual change in the 
Tafel line, e.g., a shifting up or down corresponding to a 
new to value. 

The “well known” changes with time to which Professor 
Straumanis refers are probably caused (in many cases in 
the older work at least) by the continued deposition and /or 
adsorption of impurities on the electrode surface which 
take place during electrolysis. These changes can be shown 
to disappear if the solution is sufficiently well purified, as 
by pre-electrolysis*; in these specially purified systems 
there is no change with time for many metals. For metals 
which easily adsorb hydrogen (e.g., Ni) there is a brief 
ind steady reproducible change with time at the begin- 
ning of the electrolysis, and then the overpotential re- 
mains indefinitely constant. 

The reproducibility of the breaks in the case of Bockris 
and Azzam’s work on Pt was only fair (410-15 mv). In 
Bockris and Conway’s work it was about +5 mv. In the 
latter work the breaks could be reproduced with ascending 
and descending currents. In the former a hysteresis phe- 
nomenon was observed. One would suspect this as being 
due to the presence of impurities, although increased pre- 
electrolytic purification failed to bring about alteration in 
the phenomenon. 


REMOVAL OF EMBRITTLING GASES 
FROM ZIRCONIUM 


W. C. Lilliendahl, E. D. Gregory, and D. M. Wroughton 
(pp. 187-190) 


J. H. Wesrproox®*: To what extent does oxygen dis- 
solve in solid zirconium metal? 

W. C. Liturenpanu: The solubility of oxygen in zir- 
conium has been reported by J. D. Fast to be approxi- 
mately 40 atomic per cent. (Philips Tech. Rev. 3 No. 
2, Dee. 1938). 

Artaur D. Bearp”: Can you comment on treatment 
of other metals? 

W. C. Littrenpan: Oxygen should be removed from 
all metals whose oxides are reduced by metallic calcium, 


* Bockrts AND Azzam, Trans. Faraday Soc., 48, 145 (1952). 
* Bockrts AND Conway, ibid.,.48, 724 (1952). 
ol Bockris anp Conway, Trans. Faraday Soc., 45, 989 
949). 
** General Electric Company, Research Laboratory, The 
Knolls, Schenectady, N. Y. 
7 General Electric Company, Research Laboratory, The 
Knolls, Schenectady, N. Y. 
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and where the mobility of oxygen in the metal is a finite 
value at the permissible temperature of soak. This tem- 
perature would be in some cases limited by the tendency 
of calcium to alloy with the metal under treatment. 

The process has been applied successfully to zirconium, 
titanium, and vanadium. 

L. W. Eastwoop*: (1) What is the maximum thickness 
of specimens that can be deoxidized on a practical basis? 

(2) What hardness and oxygen gradients exist in such 
deoxidized thick specimens? 

(3) What is the hardness of the low oxygen specimen 
listed in Table II? 

W. C. Littrenpan.: (1) The rate of oxygen removal as 
a function of thickness of the treated metal has not been 
determined. The rate of diffusion of oxygen in zirconium 
at 1000°C or higher suggests that thick sections could be 
treated on a practical basis. 

(2) Our data are limited to 0.128-in. diameter rod. The 
measurements would not detect a gradient in the treated 
pieces as the oxygen content is approaching the limit of 
the analytical method. 

(3) The figures in Table II are calculated values and do 
not represent actual material as stated in the paper. 


ARC MELTING OF ZIRCONIUM METAL 


H. L. Gilbert, W. A. Aschoff, and W. E. Brennan, II 
(pp. 191-193) 


L. W. Eastwoop**: (1) Have alloys been made by 
using the consumable electrode? If so, how uniform is their 
composition ? 

(2) What are the possibilities of making the consumable 
electrode continuously in the furnace or in an apparatus 
attached to the furnace? 

H. L. Giipert: (1) In regard to the question of alloy 
production by consumable electrode we have produced sev- 
eral with good results. Specifically, a one per cent tantalum 
alloy was produced by putting tantalum wire in the bri- 
quets used to make up the electrodes. Samples taken 
throughout the ingot varied from 0.90 to 1.14 per cent 
tantalum. 

(2) Concerning the fabrication of continuous electrode 
within the furnace, we consider the joining of prefabricated 
sections or pressed bars or briquets to be the most promis- 
ing possibility. These prepared compacts would be joined 
by butt welding, high-frequency sintering or are welding 
as melting progressed. 

Joun G. Kura*®: What method is used to obtain the 
seal around the starting plug? 

Is the are length critical for efficient operation? 

What control factors are available for overcoming un- 
soundness in the ingot, if unsoundness is a problem? 

H. L. Grupert: No seal is necessary around the start- 
ing plug as the entire furnace is filled with inert gas. 

Are length during melting operations is controlled to a 
major extent by a choice of gas mixture employed. About 
80 per cent helium, 20 per cent argon permits operation 
with reasonable voltage drop across the arc but without 


28 Battelle Memorial Institute, Columbus, Ohio. 
2° Battelle Memorial Institute, Columbus, Ohio. 
8° Battelle Memorial Institute, Columbus, Ohio. 
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undue thermal loss to the walls. A long are in pure argon is 
not effective for satisfactory melting. 

Usual difficulties with ingot unsoundness involve the 
area of the interruption caused by changing electrodes. No 
control of this is considered possible short of going to a 
continuous type electrode. 


EFFECTS OF WORKING ON THE PROPERTIES 
OF MOLYBDENUM 


E. S. Byron and R. F. Baker (pp. 194-196) 


Ropert M. Parke”: How do you explain the low duc- 
tility in the thickness direction? 


t E.S. Byron: Our experiments to date have given us no 
explanation of this. 


SOME FACTORS IN ANODIC PROCESSES ON 
CORRODING METALS 


T. P. Hoar and U. R. Evans (pp. 212-218) 


NorMAN HackerRMAN™: In connection with studies on 
the corrosion of steel by air-free aqueous solutions of fatty 
acids and carbon dioxide, we have found that the initial 
reaction rate had a determining influence on the subse- 
quent rate. It has been possible to relate this effect to the 
nature of the initially precipitated corrosion products, not 
so much with respect to measureable chemical composition, 
but rather with respect to its physical form. We are now 
attempting to show that the continuing corrosion rate is 
dependent on the defect nature of the corrosion products 
and that this in turn is a function of the way the solid 
precipitated, e.g., on the rate of nucleation. 

T. P. Hoar anv U. R. Evans: We are interested in 
Professor Hackerman’s approach to the problem of the 
part played by early corrosion products in determining 
the subsequent rate of corrosion. Other cases of the phe- 
nomenon, as well as the interesting one he mentions, are 
known, especially in the field of atmospheric corrosion; 
we believe the application of defect structure theory now 
being made by Professor Hackerman may well be extremely 
fruitful. 


A HYDRIDE BATH FOR THE ELECTRODEPOSITION 
OF ALUMINUM 


Dwight E. Couch and Abner Brenner (pp. 234-244) 


R. Scorr Mopseska®: (1) What current densities were 
employed? (2) What voltages? (3) What temperatures? 

Dwieut E. Coucn: The following answers are given to 
the queries of Mr. Modjeska: (1) 1-4 amp/dm?; (2) 
12-15 volts; (3) room temperature. Higher temperatures 
were investigated but deposits were not as good and solu- 
tion decomposition took place. 

Joun F. Gatt*: (1) What anode compositions have you 
tried? (2) What was the anode current efficiency? 

Asner Brenner: (1) We have used anodes only of 


*! Battelle Memorial Institute, Columbus, Ohio. 

* Department of Chemistry, University of Texas, Aus- 
tin, Texas. 

33600 Blue Island Avenue, Chicago, III. 

“ Pennsylvania Salt Manufacturing Company, Phila- 
delphia, Pa. 
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pure aluminum and 28 aluminum, and (2) | \e 
with 100 per cent current efficiency. 

Dennis R. Turner®: (1) Have other alk 
been used in place of lithium hydride and, if s. with What 
success? 

(2) Are the constituents of the plating bat! presen 2 
saturated quantities? 

ABNER Brenner: (1) Sodium hydride and caleiyr jy 
dride were tried without success. Aluminum hydride me 
be used in place of lithium hydride but this substitutio, 
is not feasible because the hydride must be made {roy 
lithium-aluminum hydride. | 

(2) The plating bath is not saturated with respect t 
aluminum chloride or lithium hydride. The concentratio, 
of aluminum chloride may go as high as 5M. The bath yi 
dissolve lithium hydride to the extent of about 1.5M by 
will give aluminum deposits successfully with concentr, 
tions of only 0.5M. 


Ay 


PASSIVITY OF IRON IN NITRIC ACID 
Harry C. Gatos and Herbert H. Uhlig (pp. 250.25 


Eart A. GULBRANSEN*™: The very interesting expe 
ments by Gatos and Uhlig emphasizing the adsorptic: 
theory of passivity should stimulate many others holding 
other views to restate their ideas in terms of modern eo 
cepts. I should like first to make two comments concerning 
the paper itself and later a general comment on the oxic 
theory of passivity. 

1 would like to second Dr. Cohen’s suggestion that the 
effective passive films are formed slowly by exposure 
new metal surfaces to air. We have noted this in the fu 
mation of a chemisorbed film of oxygen on pure graphite st 
room temperature. It may be worth while to check thi 
point with your sensitive method. 

Next, I would like to emphasize the point that the r 
action of iron in a HNO, environment is a rate process «1 
that reaction is still occurring under so-called passive coi 
ditions. It would be well to obtain quantitative values {w 
these reaction rates so that different surfaces and con’ 
tions can be compared. 

Finally, I would like to comment on some suggestion 
made to me by Dr. Verwey of the Philips Laboratories 
Eindhoven, Holland. These suggestions give support | 
the oxide film concept of passivity and provide a mech 
nism for the breakdown of oxide films due to the influenc 
of certain ions, e.g., chloride and fluoride ions. Verwey !ws 
shown that if Li' ion is substituted in NiO, some of t 
Ni! ions are changed to Ni'' ions to conserve neutralit 
This greatly affects the conductivity of the oxide. Te 
atom per cent of lithium changes the conductivity 
factor of a million. The process of solid solution of one 1! 
into another oxide leads to a mechanism of controle 
valency of the semiconductor. Similarly, the anion may '* 
substituted. Thus, if a small amount of chloride ion cou 
substitute for the oxygen ion in nickel oxide, some of t 


% Electroplating Projects Laboratory, Westinghow* 
Electric Corporation, East Pittsburgh, Pa. Present addr 
Bell Telephone Laboratories, Inc., Murray Hill, . J. 

36 Westinghouse Research Laboratories, East Pitt 
burgh, Pa. 
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oxygen 101s would have to take on a minus three charge. 
rhis prov les a simple mechanism for changing the con- 
iyctivity of the film. Its electrode potential would change, 
orrosion ould occur at a higher rate, and the metal would 
yo longer called passive. Although Goldschmidt’s val- 
ves for the ionic radii show that the chloride ion has a 
larger ionic radius than the doubly charged oxygen ion, 
other tables give values somewhat closer in agreement. 

Hersert Dr. Gulbransen’s observations that 
nassive films are formed slowly on new metal surfaces is 
 aceord With our more recent observations not yet pub- 
lished (Montreal Meeting) on the progress of passivity in 
is-8 stainless steel exposed to aerated water as measured 
by oxygen take-up by acid-pickled metal. Here, the initial 
rate of passivation is very rapid—faster than we can meas- 
ure within a few minutes—but in the latter stages, the 
passivation can be called slow. In the passivation of iron 
by nitric acid, the initial rate of reaction is very high be- 
fore passivity is established. Some time during this initial 
reaction, the metal quite suddenly becomes passive, where- 
pon the rate thereafter is low. Quantitative data on the 
low rate for passive iron are given in our paper, but meas- 
wements of the fast rate have not yet been attempted. 
We only know that it is properly termed a rapid reaction, 
ind that perhaps the rate is on par with the rate of reac- 
tion of iron with dilute nitric acid. 

The suggestion of Dr. Gulbransen, quoting Dr. Verwey, 
san interesting possibility. It seems to me that this mech- 
nism, as Others have shown, almost certainly applies to 
factors affecting tarnish and high temperature oxidation 
vhere diffusion of ions through a reaction-product layer 
s the rate-controlling mechanism. It is well established 
that trace quantities of various contaminants on the sur- 
face of a metal or in the gas phase (e.g., sulfur) can affect 
the rate of high temperature attack. Perhaps Dr. Gulbran- 
sen's suggestion regarding chloride ion may explain some 
esults we obtained showing that a trace of sodium chloride 
mn the surface of a 5 per cent chromium steel accelerates 
oxidation in air at 900°C by a factor of 2.5*. 

Hoar and Evans* have proposed that a mechanism 
similar to that of high temperature corrosion may also 
ipply to aqueous corrosion reactions, a proposal apparently 
losely related to that which Dr. Gulbransen suggests 
iere. This assumes a reaction product film to be the basic 
seat of passivity. 

In our previous discussions of the effect of chloride ions 
i breaking down passivity, we have considered the chlo- 
ride ion as competing with passivators like oxygen or 
hromate ion for a place on the metal surface, with the 
uetal as adsorbent and the passivator or chloride ion as 
the adsorbate. In this picture, passivity is assumed as 
eing produced by adsorption, particularly chemisorption, 
n the metal surface because of the high affinity of the 
uetal for the passivator, accompanied by a high activation 
nergy for reaction (the reaction to form a stoichiometric 
mpound is slow). Chlorides and fluorides also have 


“A. Brasunas H. H. Untia, ASTM Bull., No. 
, p. 71, May (1952). 

J. Electrochem. Soc., 99, 212 (1952). 

B. Kapanov, R. Bursrern, anp A. Frumkin, Disc. 
aralay Soc., No. 1, p. 268 (1947). 
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high affinity for the metal, but the activation energy for 
reaction is either small or zero; hence, if either of these 
two substances succeeds in displacing a passivator from 
the metal surface, they react immediately to form soluble 
salis, a process which automatically destroys passivity 
(or they may form a corrosion product layer such as silver 
chloride on silver, where they produce passivity through 
the quite different mechanism of a protective diffusion- 
barrier layer). Halogen ions, therefore, because of rapid 
reaction with the metal, do not produce but destroy pas- 
sivity, whereas chromates on iron, or oxygen or carbon 
monoxide on stainless steels react only slowly and pro- 
duce passivity primarily by means of an adsorbed film. 
In the latter instances, and especially in these cases, the 
chemical affinities of the metal surface are in part satisfied 
by the strong bonding of the chemisorbed layer with the 
metal surface, this, in turn, accounting for the chemically 
unreactive or passive surface. 

Since the transformation of an adsorbed film into a cor- 
rosion product layer is bound to occur in time, even though 
this is slow, the mechanism of growth of the reaction prod- 
uct can well follow, and probably does in many instances, 
the mechanism proposed first by Wagner for high tempera- 
ture or tarnish films, and now by Hoar and Evans, and Gul- 
bransen for reaction-product films in aqueous environ- 
ments 


THE INFLUENCE OF INHIBITORS ON THE DISSO- 
LUTION OF IRON IN ACID SOLUTION 


J. Elze and H. Fischer (pp. 259-266) 


J. O'M. Bocxris®: Bockris and Conway“ found a 
parallelism between the degree of effectiveness of the 
inhibitor and the increase in hydrogen overpotential found 
in the presence of such inhibitors. This parallelism appears 
to mean that the inhibitors work by reduction of the 
velocity of hydrogen evolution (probably by reduction 
of the heat of adsorption of hydrogen on the surface). 
This view is in agreement with Fischer and Elze, who 
found that the inhibitors only slightly change the metal 
dissolution overpotential and that they are effective for 
iron only if the hydrogen atom combination reaction 
occurs. 

H. W. Satzperc®: Dr. Bockris has stated that, in the 
inhibition of corrosion of iron, the fact that the inhibitor 
raises the overvoltage indicates the role of the inhibitor 
is not merely that of mechanical surface blockage. How- 
ever, adsorption of inhibitor at active centers for com- 
bination will decrease the combination rate and thus 
increase the concentration of atomic hydrogen. This will 
increase the overvoltage, as found by Elze and Fischer. 
Therefore, development of overvoltage does not preclude 
inhibition by mechanical means alone. 

NorMAN HackerMan®: The authors say that the use 
of a thiourea did not provide inhibition and may even 
have increased the reaction rate. The thiourea was pre- 


*° Imperial College of Science, London, 8. W. 7, Eng- 
land, 

“J. Phys. Chem., 68, 527 (1949). 

* Naval Research Laboratory, Washington, D. C. 

* Department of Chemistry, University of Texas, 
Austin, Texas. 
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sumably added to the aqueous system in these experi- 
ments. Because of the very low solubility of these 
compounds in water, their ineffectiveness is not very 
surprising. 

We have found that diethyl and dibutyl thioureas 
will adsorb on steel from benzene solution, in which they 
are somewhat more soluble. If steel coupons, treated by 
exposure to such benzene solutions, are thoroughly washed 
with benzene to remove all adhering and physically ad- 
sorbed thiourea and then exposed to aqueous 4N HCl, 
the rate of reaction is reduced to less than 20 per cent 
of that for an untreated coupon. This effect was generally 
rather long-lived, that is, of the order of days. This 
suggests that inhibitors might be placed on a metal 
surface out of contact with the corroding medium and 
be quite effective if the medium does not desorb or other- 
wise remove it from the metal surface. 

T. P. Hoar*: With R. D. Holliday, I have investigated 
the mechanism of the action of several series of inhibitors, 
such as the substituted thioureas and substituted quino- 
lines, on the dissolution of 0.1 per cent carbon steel in 
warm sulfuric acid. Confirming my previous results, we 
find that the addition of inhibitor nearly always makes 
the corrosion potential more noble (it is, however, made 
more basic by the addition of small amounts of the 


“ Department of Metallurgy, University of Cambridge, 
Cambridge, England 

‘*T. P. Hoar, ‘‘Pittsburgh International Conference on 
Surface Reactions,’’ p. 127, Corrosion Publishing Co., 
Pittsburgh (1948). 


thioureas). This means that, under conditions of natury| 
corrosion without applied current, these inhibitors usya)), 
affect the anodic process to a greater extent than tj, 
cathodic. We have also obtained the true anodic gq 
cathodic polarization curves in the neighborhood of tj, 
natural corrosion potential, by measuring the rate ,j 
metal dissolution and the applied anodie or cathodj, 
current at a series of potentials”, both for plain q¢ij 
and inhibited acid. These show that the rate of the anogj 
process at any potential is nearly always more redycq 
by the inhibitor than that of the cathodic process—g {,¢ 
also found by Elze and Fischer for Victoria blue ay) 
erystal violet; thus, the inhibitor acts more potently o) 
the anodic than on the cathodic reaction. Under conditions 
of high cathodic polarization to potentials far more neg,. 
tive than those obtaining in natural corrosion, we {in 
in agreement with Elze and Fischer and also with Bockris 
and Conway“, that the action of such inhibitors jy 
slowing down the cathodic reaction becomes much mor 
marked; this must mean that the inhibitor becomes mor 


strongly adsorbed on centers otherwise active for the 


cathodic reaction, at very negative poteitiais. This resy|t 


does not imply, however, that the action of inhibitors 


mainly cathodic under the conditions of lower current 


density and more noble potential that obtain in natun) 


corrosion. 


*©T. P. Hoar, Chimie et industrie, 41, 118 (1939). 

7 T. P. Hoar, Trans. Electrochem. Soc., 76, 157 (1939 

48 J.O’M. Bocxris ann B. E. Conway, J. Phys. Chen 
63, 527 (1949). 
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Bockris [ am asked for an appropriate ‘word’ as one of the nine 


tors in urviving charter members. My memory picture of the charter 
h more necting is that of a group of very enthusiastic and relatively 
eS more rung men—I was 24 at the time—who had come to realize 
ior the Mlome of the scientific possibilities in the field lying between 
8 result lassical chemistry and physics and the scant sympathy for 
vitors is Half-breeds in the existing technical societies. 
current Those early meetings were the most interesting society 
natural xsions I ever attended. We—I in particular—did not know 
oo much of what we were talking about but papers and their 
) uthors were certainly kicked around and even when licking 
1939 our wounds you knew you had learned something. Nowa- 
Chem lays papers seem to get about as much audience attention 


s radio commercials. 

Today if we should strictly eliminate electrical phenomena 
rom all chemistry and physics there would be little left and 
here electronics will lead us man knoweth not. The electrical 
ringes where the two meet are still the most exciting fields 
f exploration. 

So let us make the most of our catalytic heritage. 
With kindest regards, 
Sincerely, 
LAWRENCE ApDDICKS 


Ithaca, New York 
July 16, 1951 
I don’t know how accurate one’s recollections are of things 
hat happened fifty years ago. My impression is that the 
meriean Chemical Society then had membership require- 
hents which would not be met by ail of those who were 
iterested in electrochemistry. 
The Chemical Society would not change its rules so we 
hid to start and did start an electrochemical society. Being 
Pippled I cannot look this up myself; but it should be easy 
verify this, though I admit that it now sounds improbable. 
Yours sincerely, 
Witper D. Bancrorr 


New Haven, Connecticut 
September 20, 1951 
As a charter member of the Electrochemical Society I 
© to extend my most hearty greeting to every member of 
le Society, 
My thanks and appreciation are expressed for the work 
one by all past and present officials who have made the 
ectrochemieal Society such an outstanding organization. 


5C 


THE CHARTER MEMBERS GREET THE SOCIETY 


Upon the occasion of the Society’s Golden Jubilee, we are 
fortunate to have messages of greeting from all of the living 
charter members. Arranged alphabetically, these letters follow: 


Upon my retirement from teaching at Yale, I gave all of 
my volumes published by the Electrochemical Society to the 
library of the Sterling Chemical Laboratory of Yale Univer- 
sity. 

With very best wishes for future accomplishments, I am 

Yours sincerely, 
Watrer M. Brapiey 


Bloomington, Indiana 
October 3, 1951 

Greetings to fellow members of the Electrochemical Society, 
—the Society that has been and is the greatest force in build- 
ing up our tremendous electrochemical industry of the United 
States. 

The inspiration we received when we met at the meetings 
and became acquainted with such men as Joseph W. Richards, 
Edward Acheson, Dr. Haber of Germany, Hutton of England, 
Charles M. Hall, Elmer Sperry, the Taylors of New York, 
Burgess, Kalenberg, Bancroft, and many others, gave us the 
enthusiasm to go home and push hard our investigations in 
electrochemistry. The Society was and still is the main force 
for continued interest in the investigation and development 
of electrochemical processes, because it was and is a small 
group of persons who think alike. 

I wish that the general public, the chemists and engineers 
of the U. S. A. were more familiar with the extent of the 
electrochemical industry. I deplore the fact that electrochem- 
ical subjects have been dropped from the curricula of many 
of our colleges and universities. No subject is more suitable 
for fundamental training in engineering and science. We 
should see that the courses in applied and theoretical electro- 
chemistry be restored to the curricula of our universities 
and engineering schools. We should see that the universities 
turn out chemists and engineers who are well trained in 
applied electrochemistry. 

Yours sincerely, 
O. W. Brown 


Philadelphia, Pa. 
August 3, 1951 

Time, like space, is relative and infinite. In my memory I 
can span the period of fifty years since the founding of the 
American Electrochemical Society (1901-1951) in but the 
time it takes to dictate these words. 

In accordance with my recollection, I was invited to be- 
come a charter member of the American Electrochemical 
Society by Dr. Carl Hering. The small group of Philadelphia 
founder members with whom I had contacts were the follow- 
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ing: Carl Hering, Charles Reed, Pedro Salom and Dr. Roeber. 

If my recollection is not faulty, Dr. Roeber had but a 
short time prior to the organization of the Society migrated 
to America. Dr. Hering used him in some capacity in connec- 
tion with his consulting practice. Other persons known to me 
at the time were the following: Acheson, Oldsbury, Tone, 
Horry and Fitzgerald. 

It was through my acquaintance with Carl Hering that 
I became interested in the electrothermic field. Hering had 
discovered the “pinch” effect. Dr. Edwin F. Northrup (Ache- 
son medallist) had explained the phenomenon and had de- 
veloped the theory and the well-known formula for calculat- 
ing pinch pressure. 

Hering had an idea for utilizing the electromagnetic forces 
of the pinch phenomenon for operating an electric furnace. 
I had a metallurgical problem and believed that a furnace as 
conceived by Hering could be successfully used for conducting 
the metallurgical process | had in mind. I offered to spend a 
maximum of $500 to build a small equipment to demonstrate 
the practicality of Hering’s idea. There is an old Chinese 
proverb, as follows: “No matter how long the journey the 
first step must be taken.”’ The expenditure of this initial 
small amount was the first step that led to the establishment 
of four separate companies for the development and exploita- 
tion of electric furnaces; namely, Ajax Electric Furnace 
Corporation, Ajax Electrothermic Corporation, Ajax Electric 
Company, Inc. and Ajax Engineering Corporation. 

Each one of these companies specializes in a different type 
of furnace, all using the electromagnetic circulation due to 
pinch pressure, coupled with other electromagnetic and ther- 
mal effects. 

The expenditure of the initial $500 resulted merely in 
establishing the fact that there was merit in the idea of apply- 
ing electromagnetic circulation. Hering proposed the use of 
electrodes. It required an expenditure of $40,000 to determine 
that the use of electrodes in this type of furnace (without 
going into detail) was impractical. 

Success soon followed after discarding electrodes and utiliz- 
ing the electromagnetic forces in an induction furnace. This 
type of furnace was soon demonstrated to be ideal as a brass 
melter. It was rapidly adopted by the wrought brass industry. 
Melting of brass in that industry actually underwent a revolu- 
tion, in that all the old pit-crucible type furnaces were thrown 
out and this furnace substituted. Today practically all the 
metal! melting in the brass mills of the world is done in induc- 
tion furnaces of this type. 

Necessity of maintaining a fairly large heel of metal (to 
complete the secondary circuit) restricted the use of this 
furnace very largely to 24-hour-a-day operation. With this 
in mind, I retained Dr. Northrup to study the possibility of 
devising an induction furnace that would not have this 
drawback. The well-known high frequency induction furnace 
resulted. Today there is a high frequency induction furnace 
industry. Since the patents have expired many concerns have 
entered the field. High frequency induction is used not only 
for melting but for heating solids, surface hardening, and for 
many other purposes. 

The next project was to develop a furnace for melting and 
circulating molten salts. Such furnaces are extensively used 
for many heat treating processes (34 are listed in our catalog). 
I name but a few as follows: cyclic annealing, case hardening, 
isothermal! heat treatment, martempering and heating billets 
for forging and extruding, ete. This type of furnace is not 
an induction furnace but uses electrodes, as originally con- 
templated by Hering. The use of electrodes in this type fur- 
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nace is entirely practical. The circulation due ‘, electro. 
magnetic forces is of great magnitude. 

The original induction furnace, largely used in the brass 
industry, was unsatisfactory for melting aluminim. When 
used for melting aluminum the secondary channe!s became 
rapidly clogged with aluminum oxide. In a furnace «/ modified 
design this difficulty has been entirely overcome and a furnace 
of this type is in very extensive use in the aluminum industry. 

A company was organized to specialize in each of the fields 
enumerated: viz., 

(1) Submerged resistor induction furnace for melting brass 

and other metals. 

(2) High frequency coreless induction furnace for many 

melting and heating applications. 

(3) Salt bath furnace for heat treating and other applic. 

tions. 

(4) Submerged resistor induction furnace for aluminuy 

melting. 
Each company has spent large sums for research and develop. 
ment. The companies specializing in each of these fields haye 
long been established and are well known. They are enumer. 
ated above. 

Unfortunately, due to my having taken an active part in 
three other national societies; viz., American Institute o/ 
Metals, American Society for Testing Materials and American 
Foundrymen’s Society, I did not have the time to take an 
active part in the affairs of the American Electrochemical 
Society. I have, however, kept in close touch with its splendid 
accomplishments through its publications. As one of the nine 
surviving charter members I extend to the officers and mem 
bers of the Society my hearty congratulations upon the oc 
casion of its 50th anniversary. I am sure the Society will 
continue its good work on an ever expanding scale. 

Yours sincerely, 
G. H. Cramer 


Boulder, Colorado 
August 8, 195! 

Your letter of 8/1 has been received and I was much inter 
ested but find it somewhat difficult to reply after a lapse o! 
nearly 50 years. 

You are right, I retired—on account of age—from the 
Deanship of the College of Engineering, University of Colo 
rado, to the status of Dean and Professor Emeritus, in \o 
vember 1943. Since formal retirement I have been busy 01 
various projects, some related to engineering and some to 
business. 

I am very well and active. 

In 1902 I was a member of the staff of the Department © 
Electrical Engineering at the University of Nebraska 1 
Lincoln and in addition to other duties I set up a modest 
Electrochemical Laboratory and offered a short course iD 
that subject. As I look back on it now, both the laborator 
and the course were very modest but at that time they ma) 
have served a useful purpose. 

As I remember it, my laboratory and classroom cour 
dealt chiefly with primary and secondary batteries, the co 
trolled deposition of metals, and some work on electric fur 
naces. 

When I learned of the plan to found an Electrochemics! 
Society, in 1902, it was only natural that I should wish ' 
join with others of like interests. 

I enjoyed and benefited from the publications and contact 
afforded by the new Society until a change of position gradu 
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ally made it necessary for me to devote my time and efforts 
to other elds of electrical engineering. I have never lost 
my interest, however, in electrochemistry. 

‘In June of 1905 I went with the General Electric Company 
in Schenectady intending to return to Nebraska in the fall, 
but while there I was offered and accepted the headship of 
the Department of Electrical Engineering at the University 
of Colorado at Boulder. This position I retained for many 
vears and was appointed Dean of the College of Engineering 


n 1919. I continued in that position until retirement as noted 


above. 
My congratulations to the Society on its 50th anniversary 


and very best wishes for its continued usefulness. 
Sincerely yours, 
H. 8. Evans 


Cambridge, England 
3lst July, 1951 

I was most interested to receive your letter of July 16th 
and to be reminded that I am one of the nine surviving charter 
members. 

With regard to the first meeting of the Society, fortunately 
my memory is very clear and I kept some detailed notes. 
I often enjoy reminiscing on this visit, which I specially 
planned in order to take part in the Niagara Falls meeting 
of the Society where I spent ten very happy days, September 
\Ith to 20th, 1902. These were very young days for the 
electrochemical industries, and most of them were run rather 
secretly, but Professor Fritz Haber and I, as oversea visitors, 
were treated very generously and were shown round most of 
the works. 

At this meeting the first issue of “Electrochemica! tn- 
dustry” was circulate. Amongst others who have become 
famous in the annals of the Society and outside it, I remember 
intimate talks with the following: Prof. J. W. Richards, 
C. J. Reed, Carl Hering, E. G. Acheson, Charles M. Hall, 
W.R. Whitney, Prof. W. D. Bancroft, C. F. Burgess, F. A. J. 
FitzGerald, F. M. Beckett, C. 8. Bradley, F. J. Tone, E. R. 
Taylor, C. E. Acker. 

My subsequent visits to America have impressed me, as 
they do most Europeans, with the wonderful tempo of 
advance and keen appreciation of the possibility of new 
technical developments which are so characteristic of your 
country, but those ten days spent at Niagara Falls in close 
contact with so many of your electrochemical pioneers are 
still red letter days in my memory. 

With heartiest congratulations to the Society and its noble 
band of honorary officers, 

Yours sincerely, 
R. 8. Hurron 


Lockport, New York 

July 19, 1951 
Ihave your communication of the 16th and, unfortunately, 
lam so oceupied with my different jobs that I can’t comply 
with your request. However, I am sending you under separate 
cover copy of my “Incidents by the Way” and if you will 
note the marked pages you will see the situation as it concerns 
my career. You may use as little or as much as you choose. 

Yours very truly, 

Wm. R. Kenan, Jr. 


[From this autobiography, it appears that Mr. Kenan has 
ed @ most eventful life and has engaged in a wide variety 
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of pursuits. He has, for example, held executive positions in 
banking, building construction, hotel, water, railway, land, 
farming, and power companies. He has established and con- 
tributed to many philanthropies. To quote his own words, 
“It is given to few men to experience the joy I have had in 
helping young people to complete their education, young 
students who might otherwise have faltered by the way 
through lack of funds, and few men whom I have known have 
had the satisfaction of honoring the name they bear through 
such cultural memorials as the Kenan Foundation, erected 
in the city of my birth; the Kenan Stadium built for my alma 
mater, the University of North Carolina, that has thrilled 
thousands of people by its beauty; Camp Kenan on the shore 
of Lake Ontario at Barker, New York, which has been such 
a happy medium for many of the youth... . And it has given 
me a lot of satisfaction to promote the varied interests car- 
ried on at Randleigh Farm where through scientific research 
and practical application we have been able to reveal new 
controls and methods otherwise impossible for the average 
farmer to obtain... .” 

Mr. Kenan is a graduate of the University of North Caro- 
lina which fifty years after his graduation conferred on him 
the degree Doctor of Laws. While still a student at the Univer- 
sity under Professor F. P. Venable, he undertook the examina- 
tion of a dark colored material obtained by the Professor from 
a furnace in which T. L. Willson had been attempting to 
produce calcium. Young Kenan found that the gas evolved 
upon contact of this material with water was acetylene and 
thus that the furnace product contained not calcium but 
calcium carbide. A syndicate was formed in Philadelphia 
under the name of the Carbide Manufacturing Company to 
produce acetylene from calcium carbide and young Mr. Kenan, 
then 23 years old, was offered his first job with this concern. 
His duties as defined by the president of the company were 
described in these words: “In the event of your forming a 
connection with our company, you will have entire charge 
of the laboratory and the office at all times. We will expect 
you to work ten hours a day seven days a week. During six 
hours of this time, you will have charge of the plant and of 
all men at work at such time. During the rest of the ten hours, 
we will expect you to make tests of the carbide from each 
charge of the furnace and make an occasional determination 
of lime in the furnace mixtures. There will be also submitted 
to you for analysis samples of lime and coke. We expect you 
also to keep the time of the other men, to make out the pay- 
rolls and attend to the correspondence in shipments of car- 
bides and the receipts of lime and coke... . We will pay you 
$25 per week... .”” Mr. Kenan states that he accepted the 
job with alaerity. Thus he entered the electrochemical in- 
dustry.—Eb.] 


Schenectady, New York 
September 24, 1951 
I prefer looking ahead to reviewing the past. I am still 
interested in the whole of Creation. Electrochemistry seems 
to be a fine approach to it. Appreciating the creation-as-is 
should be the supreme effort of man. Apparently the human 
brain itself is something electrochemical created in man. I 
like to say “constructed by himself.” Our inquisitive work 
stretches and arranges the wires that make up the brain. 
All our sensations are electrochemical messages along nerves. 
They are stored somehow in our subconscious and conscious- 
ness; and it is marvellous that a fellow can think about his 
own mind, as he can contemplate a photograph. 


Vi 
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The 200-in. telescope shows the whole universe to be for- 
ever expanding. That agrees with our local observations too. 
It has always been so. Notice, also, how fittingly true it is that 
the smallest things in the universe are expanding too. Shortly 
after the ECS was established, all atoms expanded and the 
electron was disclosed. Now ‘Electronics business” is over 
two billion a year. Also, the electrons now serve to increase 
the expansion by microscopes, from about 2,000 to 100,000- 
fold. Here are electrical parts in the process with fine chemical 
development in the invisible shadows. 

It seems humanly impossible to fully appreciate the crea- 
tion as we find it. But that is reason enough to forever try to 
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do so. What Emerson called the Chaos, which , 
tame, may all be only in our feeble minds. 

What is really natural is the recognizable, univ: sal, order. 
liness, the dependency, and the fine, fixed qualities of gj 
parts of the creation itself. 

I am led to accept the English Poet Laurea(o Robert 
Bridges’ view expressed in “The Testament of Bexuty” that 
“Conduct lies in the masterful administration of the unfoy 
seen.” And I’d like to add—Creation is never as chaotic in 
the future, as it has always been in the past. 

Lovingly yours, 
Witus R. Warrypy 


should 


now appears as shown above. 


The first seal of the Society appeared on the title page of Volume 
48 of the TrRANsacTions in 1925. The design was decided upon by 
an Emblem Committee after receiving more than one hundred sug- 
gestions submitted by the membership at large. The seal embodies 
the Weston standard cell, symbolic of electrolysis, and an electric are, 
representing electrothermics. It was revised in 1930 when the Society 
was incorporated under the name The Electrochemical Society, and 
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AN ACCOUNT OF THE FOUNDING AND EARLY DAYS 
OF THE SOCIETY 


“The development of the 
electrochemical industmes 
and the large inerease in 
the number of electrochem- 
ical specialists has made 
formation of the Society im- 
perative.”” Thus wrote Pro- 
fessor Joseph W. Richards, 
frst President of the Soei- 
ety, on page | of Volume 1 
of the TRANSACTIONS OF 
Tae AmMerIcAN ELecrro- 
cHEMICAL On Oc- 
tcber 19, 1901, a letter was 
addressed to thirty resi- 
dents of the United States 
believed to be especially in- 
terested in electrochem- 
istry, inviting their attend- 
ance at a preliminary 
meeting to be held at the 
Engineers’ Club, 1122 Gi- 
rard Street, Philadelphia, on 
November 1, 1901, to con- 
sider the organization of a 
National Eleetrochemical 
Society. The meeting was 
attended by ten men, many 
of those unable to come 
having sent letters express- 
ing their interest. The con- 
sensus of the group favored 
the formation of a Society if seventy-five prospective members 
could be secured. Committees were appointed for member- 
ship, meeting and papers, constitution and by-laws, and 
finance. 

On November 25, 1901, the following letter was addressed 
toall members of the American Chemical Society, the Ameri- 
can Institute of Electrical Engineers, and such other persons 
as Were known to the Committee to be interested in the devel- 
opment of electrochemistry. 


Josepu W. RicHarps 
First Society President 


“Dear Sir: 

The products of electrochemical industries in this country 
it the present time amount to about $100,000,000 per year. 
The growing importance of these industries and the fact that 
‘cientists and engineers interested in electrochemistry are 
now distributed among at least half a dozen different societies 
and, therefore, have no common medium of communication, 
Suggested the formation of an American Electrochemical 
Society on the same general plan as the American Chemi- 
cal Sowioty and the American Institute of Electrical E ngineers. 


“A preliminary meeting in the interest of such an organiza- 
tion was held November 1, 1901 at the Engineers’ Club of 
Philadelphia, Professor J. W. Richards, Vice-President of 
the American Chemical Society, acting as Chairman, and 
Mr. Carl Hering, Past President of the American Institute of 
Electrical Engineers, as Secretary. All of those present were 
heartily in favor of forming such a society and numerous 
encouraging letters were received from all parts cf the coun- 

y, those from representatives of the electrochemical indus- 
tries being especially favorable. It was unanimously decided 
that such a society should be founded as soon as a sufficient 
number of members could be obtained to insure success. 
Committees were appointed to secure members and to arrange 
for a meeting in the near future at which the Society should 
be formally organized. It was the opinion of those present at 
the preliminary meeting that the annual dues should not 
exceed $5 and that there should be only one class of members. 

“The bringing together in this way of those engaged in the 
scientific study of electrochemistry, and the practical en- 
gineers and pioneers of the industry, will be of inestimable 
value to both. 
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AMERICAN 
ELECTROCHEMICAL SOCIETY. 


VOLUME, 


PHILADELPHIA INAUGURAL MEETING, 
APRIL 3, 4, 5, 1902. 


PUBLISHED BY 
THE AMERICAN ELECTROCHEMICAL SOCIETY, 
929 St., Pa 


1go2. 
Title page of the first copy of Volume I of the TRaNsactTions 
showing the inscription by Dr. Richards. 
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Acheson Medal; President 1908-09. 


Epwarp Goopricu ACHESON 
Charter Member, and Founder of the 


“The undersigned Committee of Membership earnestly 
solicits your cooperation and asks you to notify the chairman, 
Dr. Charles A. Doremus, 17 Lexington Avenue, New York, 
before December 31st, that you can be depended upon to 
become a charter member. 

Yours very truly, 
Charles A. Doremus, Chairman 
W. D. Bancroft, 
J. W. Richards, 
E. F. Roeber, 
C. J. Reed.” 


The organization meeting was held on April 3, 1902 at 
the Manufacturers’ Club, Philadelphia, with fifty-two in 
attendance and applications from 337 to become charter 
members. These were residents of thirty-six states and eight 
foreign countries, a most gratifying response to the efforts 
of the Membership Committee. A list of these members in 
Volume I of the TRANsActTIONS provides a fascinating Who’s 
Who of men prominent in university and industrial circles 
at the beginning of the century. In addition to the nine known 
surviving charter members, messages from all of whom appear 
in this issue, there is to be noted in the catalog of charter 
members such distinguished names as: E. G. Acheson, F. M. 
Beckett, C. F. Burgess, H, 8. Carhart, Herbert H. Dow, 
G. B. Frankforter, Charles M. Hall, Carl Hambuechen, Carl 
Hering, William Hoskins, Dugald C. Jackson, Professor Dr. 
George Kahlbaum, Louis Kahlenberg, Professor J. W. Lang- 
ley, Victor Lenher, Morris Loeb, H. A. Metz, W. Lash Mil- 
ler, Samuel P. and Samuel 8. Sadtler, Elmer A. Sperry, 
N. Tesla, F. J. Tone, L. A. Voorhees, Frank N. Waterman, 
Charles A. Stone and E. 8. Webster of Stone & Webster, 
and Edward Weston. To these, within the first five years, 
were to be added as members such well-known people in 
industry as Leo Baekeland, Thomas A. Edison, Charles P. 
Steinmetz, Abraham Van Winkle, William H. Nichols, 8. 
Cowper-Coles, J. G. White, Elihu Thomson, Maximilian 
Toch, David Wesson, Heinrich Heraeus, P. L. T. Heroult, 
E. K. Berry, and H. B. Coho. From the academic world 
were such recruits as E. F. Kern, Henry M. Howe, Charles 
Baskerville, L. M. Dennis, J. E. Mills, J. L. R. Morgan, 
Samuel W. Parr, George A. Hulett, Theodore W. Richards, 


Epwarp WESTON 
Honorary Member, and Founder of the 
Weston Fellowship. 


Tuomas A, Eptson 
Honorary Member, joined The Electro. 
chemical Society in its second year, 


Herman Schlundt, KE. P. Schoch, Edgar F. Smith, F. ¢ 
Mathers, and A. F. Ganz. 

Minutes of the organization meeting record unanimous) 
favorable action on the motion that “we now proceed 
organize the American Electrochemical Society.” The Cop 
stitution and By-Laws proposed by the Committee wer 
adopted. The acting chairman, Professor J. W. Richards 
was unanimously elected President and C. J. Reed, according 
to Carl Hering, the prime mover in the organization of this 
Society, was elected Secretary. Hall, Kahlenberg, Carhart 
Bancroft, Doremus, and Whitney were made vice-presidents 
and Hering, Weaver, Roeber, Acheson, Weston, Sheldon 
Reber, Sadtler, and Mailloux were elected managers, wit! 
Pedro G. Salom, treasurer. “On motion the thanks of the 
Society were voted to the gentlemen who gave their tine 
and energy to establishing this Electrochemical Society.” 

On the following two days, twenty technical papers wer 
presented before the new Society on such diverse subjects « 
A New Zine Bromide Storage Battery, the Continuous Ele 
trolysis of Solutions of Metals, the Electrolytic Rectifier, the 
Nascent State, the Electrolytic Refining of Composite Meta’ 
the Novel Concentration Cell, Current Electrochemical The 
ories, and a University Course in Electrochemistry. It is «! 
interest to note that a Committee on Advertising consisting 
of Richards, Doremus, and A. von Isakovices as Chairman 
out to procure advertising for the TRANsActTions, and for thi 
two volumes published in 1902 sold sixteen pages for a tots 
of $380. Advertising was carried on the back pages uti 
1916. 

The second meeting of the Society was held at the Inte 
national Hotel at Niagara Falls, New York, in Septembe: 
1902, with 117 members and 47 guests. The President pr 
sented the following letter from the well-known J. H. Van! 
Hoff and Dr. Béttinger, President and Vice-President ' 
spectively, of the Deutsche Electrochemische Gesellschal 
“Your kind letter of greeting of 28 April reached us in Wir 
burg just after the close of our general meeting but in time 
to lay the same before our members during the festiv! 
dinner. 

“From all present, the formation of the American lect 
chemical Society was greeted with particular pleasure 40 
we were instructed to convey the heartiest congratul: tions “ 
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our Society to you, to express our most earnest hopes for 
its prosper! LY and development and at the same time to assure 
vou that we will always follow your work with the greatest 
‘nterest aud that we sincerely trust that a continuous close 
and amicable connection will remain between ourselves and 
vour high!’ esteemed Society. May the result of our united 
vork tend to promulgate the further advance of our particu- 
lar seience and the technical utilization of our researches for 
the benefit of the world at large. We trust that you and your 
wiends Will maintain and preserve your kind sentiments for 
us under our new name, especially as we assure you that our 
interest in electrochemistry will be maintained in the future 
gs earnestly as in the past... .” 

President Richards then introduced Dr. Fritz Haber of the 
Technical School of Karlsruhe, Germany, who was present 
as the guest of the Society. and the official representative of 


R. 8: Hurron 
Charter Member, Goldsmiths’ Professor of Metallurgy, 
Cambridge University, and 1933 Richards Memorial Lecturer. 


the Deutsche Bunsen Gesellschaft. Dr. Haber presented the 
greetings of that Society and read a letter from its President. 

It was reported that thirty-five new members had been 
added to the Society and that there were twenty-four applica- 
tions pending. Following the presentation of twenty-one 
technical papers before the Society, the following resolution 
was adopted: “Wuereas: The American Electrochemical 
Society in convention assembled recognizes the great inter- 
national importance of the Louisiana Exposition and feels 
it will do much in placing before the peoples of the world a 
true picture of our national progress, and WuHereas: In no 
branch of our scientifie or industrial progress have greater 
levelopments taken place recently than in the field of electro- 


chemistry, Resolved that the American Electrochemical So- 


ciety hears with great satisfaction the announcement that 
steps are being taken looking to the organization of a fine and 
comprehensive exhibit in the group of electrochemistry and 
offers assurances of hearty good will and cooperation in the 
«ccomplishment of this much to be desired end.” 

Dr. E. A. Byrnes stated that a company developing one 
of the largest water powers in the country authorized the 
statement that it would furnish free electrical energy in 
indefinite amount for a considerable period for any industry 
locating with that company. 
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The third meeting of the Society was held in April 1903 
at the Chemists’ Club in New York with an attendance of 
260. Twenty-eight papers were presented and many distin- 
guished members were in attendance, among whom were 
Thomas A. Edison, H. W. Wiley, Leo Baekeland, etc. A 
feature of the meeting was the reception and banquet at the 
German Liederkranz. There were present among other in- 
vited guests Dr. Walter Nernst, of Géttingen, Germany, Dr. 
Charles F. Chandler, of Columbia University, and Dr. H. W. 
Wiley, all of whom responded to toasts. 

On one evening the Society was the guest of the American 
Institute of Electrical Engineers and listened to a lecture by 
William J. Hammer on ‘Radium and Other Radioactive 
Substances with a Consideration of Phosphorescent and 
Fluorescent Substances. The Properties and Applications of 
Selenium and the Treatment of Disease by the Ultraviolet 
Light.”’ This address, seventy-two pages in length, appears 
in Volume III of the Transactions and its presentation 
may have given rise to the present custom of the Electronics 
Division of scheduling time out for a “stretch” during a 
technical session. 

The technical sessions of these early years were fully par- 
ticipated in by members of the audience, and the subjects 
covered a wide range of theoretical and practical interest. 
When Wilder D. Bancroft discussed ‘“‘The Present Status of 
the Electrolytic Dissociation Theory,” there was a long and 
heated discussion by F. A. Lidbury, C. J. Reed, Professors 
Carhart, Richards, and W. Lash Miller. 

During this period and the years that followed, papers 
bearing on important developments of a practical nature, as 
well as of a scientific character, were presented before the 
Society. For example, the classical work of Carhart and 
Hulett on standard cells was presented; F. J. Tone deseribed 
the first production of silicon; W. R. Whitney presented 
papers on colloids, ares, and other diverse topics illustrative 
of his imaginative mind. Bancroft was a frequent contributor 
of papers on such diverse subjects as electrolytic refining 
of copper and the purification of cobalt and nickel, the chem- 
istry of electrochemistry, the electromotive force of alloys, 
the aluminum rectifier, chemistry of electroplating, and the 
rotating diaphragm. 

President Richards reported at the fourth general meeting 
of the Society that the number of members had nearly reached 
the 600 mark and that the Board of Directors was proceeding 
to draw up regulations for the establishment of local sections 
as the result of a request to establish such a section at the 
University of Wisconsin. 

In September 1904, the Society met at St. Louis in response 
to an invitation issued a year earlier by the chief of the Elec- 
trical Department of the World’s Fair. President Carhart in 
opening the meeting spoke as follows: ‘‘This is to be a joint 
meeting with the Bunsen Gesellschaft of Germany and the 
Faraday Society of England. We congratulate ourselves upon 
having present as a delegate from the Bunsen Gesellschaft 
Dr, Hans Goldschmidt. Dr. J. W. Richards has been ap- 
pointed delegate from the Faraday Society of England.” 
Dr. Goldschmidt in responding extended the best wishes of 
his Society to the two sister Societies for the success of the 
joint meeting. He pointed out that the German and English 
Societies were named for two of the most distinguished scien- 
tists of the last century, men who knew how to extricate from 
nature its most intimate secrets. 

After greetings from Dr. Richards who spoke on behalf 
of Mr. Cowper-Coles for the Faraday Society, President Car- 
hart said: ‘““The American Electrochemical Society is always 
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interested in the youngest member of the family of electro- 
chemical societies and I think the Faraday Society is younger 
than this Society by a few months. We are interested in the 
success of this Society in England and many of us take great 
pleasure in going to England from time to time and hope to 
have an opportunity of attending the meetings of the Faraday 
Society in the future.” 

In the technical program at St. Louis were, among others, 
papers by Ostwald, J. W. Richards, Fritz Haber, P. L. T. 
Heroult, and one by Dr. Goldschmidt entitled “Alumino- 
thermiecs”’ in which he described the thermite process and its 
applications. He stated that the process had been used to ad- 
vantage by the Russians for the repair of ships damaged by 
the Japanese in the recent war. Finally, he pointed out that 
one of the principal applications of the process should be the 
welding of rails. 

The electrochemical exhibits were one of the chief attrac- 
tions at the St. Louis Fair. These consisted of apparatus 
contributed by prominent German electrochemists: Kohl- 
rausch, Ostwald, Nernst, Abegg, Heraeus, and others. There 


were batteries, dry cells, storage batteries, electrolytic alkali, 
chlorine, bleaching powder, calcium carbide, carborundum, 
silicon, graphite, and metallic aluminum and its compounds. 

In the spring of 1905, the Society met in Boston and Cam- 
bridge and were the guests at lunch on one day of President 
Elliott of Harvard University and on the second day of Presi- 
dent Pritchett of Massachusetts Institute of Technology. 
Apparently there were a number of plant trips and a visit to 
Wellesley College, the regents of which were thanked “for 
their kindness in showing their plants and other interesting 
things to the Society and its guests.”’ President Elliott spoke 
of the great importance of a borderland science such as electro- 
chemistry. There were twenty-nine papers presented and 
President Carhart in closing the meeting said: “. . . a remark 
was made by some of the electrical journals at the time of 
the organization of this Society three years ago, when we 
were congratulated upon the quality of papers presented at 
the first meeting, that it remained to be seen whether the 
Society would be able to keep up such a program for succes- 
sive meetings. Now, I feel personally the Society may cer- 
tainly congratulate itself that the product, so to speak, has 
not been exhausted.” 

At its eighth meeting at Lehigh University, President 
Bancroft stated that “... What with the University on the 


Cuarces F. of 
Chemistry at Columbia University; 
Dean of American Chemists, and Honor- 
ary Member of this Society, left. 


R. Wurrney—Charter Member, 
and President in 1911-12; for many years 
Vice-President and Director of Research 
at Ceneral Electric Company, right. 
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one hand and the great technical works on th, 
have a happy combination of education and app! 
we hope is one of the strong features of our own | eetrochen, 
ical Society. It is also a pleasure to recall that we |». indebted 
to Lehigh University for one of the prime movers |), the found 
ing of the Electrochemical Society who was at the same time 
our first President, J. W. Richards. I remember ‘hat at the 
time the Society was founded there was a good «eal of qj 
cussion whether we were really a chemical society or an ey 
gineering society; under those circumstances it seems doubly 
fortunate that we should meet here at Lehigh Universit, 
where the late President was a chemist and the present oy 
was an engineer.” 

At a meeting of the Board of Directors in February 1904 
it was decided to grant the Secretary a salary of $500 per 
annum and to allow $250 per annum for all clerical work 
It was further decided to pay the Secretary’s transportation 
to and from national meetings and -to give him $5 for each 
day of the meeting and for one day preceding it. In spite o 
this generosity, Secretary C. J. Reed declined re-election, 
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The ninth meeting of the Society was held at Cornel 
University in May 1996, where Professor Bancroft, as a men 
ber of the faculty, weleomed the Society and responded for the 
Society as its President. Gustave Gin of Paris, France, was 
awarded the Frenzel Prize of $250 for the best essay on “Prw 
tical Methods of Treating Rare Minerals Found in Amery 
and Extracting Rare Metals Therefrom.” This was publishe 
in three parts in subsequent volumes of the Transactions 

At the tenth meeting held at Columbia University in 
tober 1906, the eminent Professor Charles F. Chandler, «! 
honorary member of the Society, addressed the gathering 
follows in part: “Mr. President, and fellow members of th 
youngest scientific organization which I think we have ! 
this country, and the organization which I think is going ¢ 
prove, if possible, the most important; it gives me gre 
pleasure to weleome you to Columbia University. 

“T have not prepared any speech .. . but there are mar) 
ideas that naturally associate themselves with electrochem 
istry. It has already worked such a revolution in mat! 
branches of chemical industry that it seems destined to ehang' 
entirely the character of a large proportion of chemical! ope™ 
tions. ...In old times in the handling of metals, heat 
the agent: terrible heat, scorching furnaces, workmen oblige! 
to strip to the skin, handling enormous heavy rakes and hoe 
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and pushi them into those terribly hot furnaces to rake the 
molten mel, expending their physical energy to an exhaust- 
ing degre’ ind heating their poor bodies until they became 
overish. Sow, You go into an establishment like the Pitts- 
burgh Reljuctior Company’s works [later to become the 
\uminu: Company of America—Ep.] and there is hardly 
anything to do. Still more striking, if you enter the works 
of the (a-tner Company, where sodium is being manufac- 
tured, or the Saltville Company’s works at Niagara Falls, 
where caustic soda is manufactured, the change is illus- 
trated. . . - 

“The aluminum factory illustrates the wonderful effect of 
electrochemistry in accomplishing economical results. You 
are all familiar with that industry and know how many differ- 
ent processes were attempted and how strenuous many of 
them were and how dangerous some of them were on account 
of the possibility of explosion. And then Charles M. Hall, of 
Oberlin College, came into the field and put his young mind 
on the problem of making aluminum ...and came to the 
conclusion that the only way was to make use of a solvent 
for alumina, free from water... . He found that melted eryo- 
lite would take up alumina to the extent of 25 per cent of its 
weight... . / And the next step was whether he could electro- 
lyze the aluminum out of this solution. And he found it could 
be done without any difficulty whatever, end on reducing 
the diseovery to practice he found it not necessary to apply 
any external heat. . . . And so this problem which had engaged 
the attention of scientific chemists for over fifty years was 
solved by this youth so successfully as to make aluminum a 
rival of copper in the industries. . . . 

“I do not know how much Mr. Hall.is in the way of telling 
of the operations of those furnaces, but there are one or two 
things which I think I may tell without violating any confi- 
dence. Of course, that melted cryolite is very hot and it is 
very scorching to the workmen and, in looking after some 
way to protect the men from the heat, the remarkable dis- 
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covery was made by Hall that when pulverized coke was 
put on the melted cryolite it does not wet it. The pulverized 
coke sheds melted cryolite just as a duck’s back sheds water, 
and no matter how much you stir the coke up with the melted 
cryolite it always comes up-to the top and is dry and black, 
and that preserves the heat and serves as a comparative 
non-conducting barrier between the heat and the faces of 
the workmen....This is the thought that came into my 
mind as I was invited to say something to you; the wonderful 
effect of electrochemistry in simplifying these metallurgical 
operations, of accomplishing the same results in a great deal 
better way and saving the expense of the wear and tear on 
human beings who are obliged to watch the apparatus and 
machinery. 

“T think, therefore, it is a very valuable addition to our 
professions to have electrochemistry as a special combination 
of chemical with physical science and engineering. Of course, 
every time a new association of this kind is formed the mem- 
bers of the old association are a little sorry. When we pro- 
posed to have a [American] Chemical Society [in 1876], the 
old Lyceum of New York was very unhappy about it. A 
few devoted men had been struggling along for years in 
New York City to encourage an interest in science, and a 
few devoted scientists had been in the habit of meeting in a 
little room downtown and calling themselves the Lyceum of 
Natural History. Of course, as the name indicates, they de- 
voted their time chiefly to discussing bugs and every kind of 
animal and plant, and the chemists did not find it particu- 
larly interesting. The chemist would deny himself some social 
entertainment and go down and meet a dozen enthusiastic 
zoologists, and they would talk about the difference in the 
shapes of clam shells from different parts of Long Island; and 
so the chemists concluded that it would be a good thing to 
have a chemical society, and they were lachrymose in the 
other society. They felt we were deserting the flag, and when 
the Electrochemical Society was started there were some 
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distinguished group of members abstracted from picture taken at Montreal Meeting in September 1922. Left to right, back 
' Former Presidents Howarp Parmeter and Cart Herta, R. J. McKay, Former President R. M. Burns, and Henry 


Howan». Front row: Former Presidents C. G. Scu_ueperBerG, G. Finx, W. Lash Mitier, Witper D. Bancrort, F. A. 
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tears shed in the Chemical Society for fear that it would 
diminish interest in our Society, but I do not think it will 
have that effect. 

“You know the English people who celebrated [recently] 
the jubilee of Sir William Perkin were very unhappy when 
they heard we were going to have a jubilee over here. They 
said, “Come over to England.” They became reconciled, 
however. When we were going to have a jubilee here, the 
Boston chemists thought they would not come here but have 
a jubilee in Boston. We were a little disappointed at first, 
but we said afterwards it is all for the good of the cause, 
which is to honor Sir William Perkin and to magnify the 
importance of chemistry. Whenever we can get together in 
any locality whatever, it helps the cause, and the more socie- 
ties of this kind that we can have the better it is for the cause 
of science. The value of science will be more thoroughly recog- 
nized, and support will be given to scientific and educational 
enterprises; so, as one of the very earliest members of the 
American Chemical Society [He was actually chairman of 
its organization meeting.—Eb.], I congratulate you gentlemen 
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on having united to form an Electrochemical Society, and I 
am proud to have become a member of it, and I weleome you 
to Columbia, and the oftener you come and the longer you 
stay the better we shall like it.” 

Papers read at the meeting had to do mainly with pyrom- 
etry, aluminum, and magnesium cells. 

Finally, the members attended a smoker given to Sir 
William Henry Perkin by the chemists of New York City. 
The first impression of the Perkin Medal had been presented 
to Sir William on a previous evening. 

The eleventh meeting of the Society at the University of 
Pennsylvania, in May 1907, was addressed by Professor 
Edgar F. Smith as the University’s Vice-Provost, who said 
in greeting the group: “...It is a matter of great interest 
to us that this Society at its formation saw fit to hold its 
first meeting at the University of Pennsylvania. Those who 
are familiar with the history of chemical teaching in America 
know that the first chemical society in America was founded 
in Philadelphia, and by those who were engaged in the teach- 
ing of chemistry in our University. This was in 1792. In 1812, 
the second chemical*society in this country was founded here 
in Philadelphia and was conducted by professors and students 
of our University. At the founding of the American Chemical 
Society in 1874, at the grave of the great Joseph Priestley, 
it was the professor of chemistry in this University who made 
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the suggestion that a national chemical society be formed: en 
that the University has always had profound interest i 
things chemical. [The organization meeting of the Society 
occurred two years later in New York.—Ep.] Hence, it jg , 
matter of no little moment that this, the youngest of th, 
chemical societies, ... has held its first meeting at the Uni 
versity and now its eleventh meeting... . The great Robert 
Hare, who assumed the duties of the chair fof chemistry] in 
the year 1818, did much that would be of interest to ys 
Had there been an American Electrochemical Society in tha 
day, he no doubt would have been a most active member, _ 
He devised the deflagrator, with which instrument Benjamin 
Silliman, the elder, was able to melt and volatilize carbep, 
as he said. The deflagrator was the forerunner of the Bunsey 
battery. As we read the researches of Michael Faraday and 
observe how he sought for something superior to the old 
Voltaic pile, he finally admits that the deflagrator of Reber 
Hare was the thing needed for his work. He used it and 
acknowledges his great indebtedness to him for that discovery: 
Again in 1838, Robert Hare, after carefully scrutinizing the 
work of Humphrey Davy on the isolation of the alkaline 
earthy metals, set his deflagrator to work upon a solution 
of calcium chloride, using mercury as the cathode, obtaining 
an amalgam, which he afterwards distilled and got the meta! 
calcium, of a silver-gray color, of a specifie gravity near) 
equal to that of the calcium which has been recently isolated, 
and was able to give its properties more correctly than had 
ever been given before.” 


Officers of the Society for 1909 


Officers of N. Y. Section for 1909 
Dr. E. F. Roeber, Chairman 
Alois von Isakovics, Secretary-Treasurer 


Executive Committee 
Dr. L. H. Baekeland Edward A. Colby 
E. A. Sperry, E. E. 


Page from the dinner Souvenir of the New York Cit) Meet 
ing, October 29, 1909, at Hotel Cumberland, showing the office 
of the Society for that year. This booklet was bound in an 
tractive aluminum cover. Dr. Doremus acted as Toast maste! 
for the elaborate seven-course dinner. 


— 
Gi 
Prot. C. F. Burgess Dr. E. G. Acheson 
C. P. Townsend F. J. Tone | 
4 ee Dr. Chas. A. Doremus Carl Hering 
Dr. W. R. Whitney Dr. W. D. Bancroft 
Managers ie 
Big Dr. E. F. Roeber A. von Isakovics : 
BS Dr. L. Kahlenberg Prof. S. A. Tucker , 
S. S. Sadtler E. R. Taylor 
. F. A. J. Fitzgerald Dr. W. L. Miller 
Dr. W. H. Walker 
é Pedro G. Salom 
Secretary 
| Prof. Jos. W. Richards 


1939 1902—FIFTIETH ANNIVERSARY—1952 


‘ormed: gp 
nterest in 
© Society 
Ce, it is g 
Of the 
_ the Uni 
it Robert 
nistry] in 
St to us 
LY in that 
mber, 
Benjamin 
carbep, 
€ Bunsen 
uday and 
» the old 
f Robert 
d it and 
iscovery.’ 
izing the 
alkaline 
solution 
btaining 
he metal 
nearly 
isolated, 
han had 


A group of Past Presidents on the occasion of the award of the Acheson Medal to Charter Member F. J. Tone. Left to right: 
Coun G. Fink, F. J. Tone, Francis C. Frary, ann F. M. Beckett. 


An important feature of the twelfth general meeting, held 
in New York City in October 1907, was the paper by Edward 
Goodrich Acheson on deflocculated graphite. 


For its twenty-first general meeting, the Society returned 
to Boston in April 1912. President W. R. Whitney chose the 
subject Electrical Conduction which served as an introdue- 
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The papers of the thirteenth meeting, held in Albany in 
the spring of 1908, and of the fourteenth meeting, held in 
New York City the following October, had to do mainly with 
the subject of corrosion of metals and firmly established the 
Society’s interest in this subject. 

The first meeting of the Society outside of the United 
States was held at Niagara Falls, Canada, and was the first 
of many meetings in that hospitable country. At this meeting, 
President Acheson introduced Dr. Eugene Haanel, Director 
of the Department of Mines, who spoke as follows: “It gives 
me pleasure to weleome you on behalf of Canada for your 
first meeting on Canadian soil. In connection with the sub- 
ject which I am about to present to you, the Examination of 
a New Furnace Invented in Sweden for the Production of 
Pig Iron by the Use of Electrical Energy, I desire to make 
the statement that we are only on the outskirts of the develop- 
ment and discoveries of that extremely important branch of 
electrometallurgy which concerns itself with the extraction 
of metals from their ores by the heat resulting from the trans- 
formation of energy. ... When I look into the future, it does 
not seem unlikely to me that a time may come after the richer 
and more easily treated iron ores have been exhausted and 
only refractory ores remain when those magnificent stacks at 
Pittsburgh and in England will stand as monuments of a 
departed process of smelting iron ores. . . .”’ 

President Acheson in his presidential address pointed out 
the importance of electrochemistry in the conservation of 
our natural resources, Among the forty-five papers presented 
at the meeting, many were included in a symposium on the 


| clectrometallurgy of iron and steel. 


Many of the papers before the eighteenth general meeting 
of the Society held in Chicago in 1910 were on the subject 
of storage batteries. 

For the twentieth general meeting, the Society went again 
to Canada, this time to Toronto with President Willis R. 
Whiticy in the chair, 


tion to a valuable symposium on this subject. Contributions 
were made by such well-known professors as O. W. Richard- 
son, D. F. Comstock, and Stewart J. Lloyd. 


Professor W. Las MILLER on his way to a meeting of Sec- 
tion Q is stopped by Professor BAncrorr making a point. 


When the Society met in New York City for its twenty- 
second meeting, it was again addressed by the venerable 
Professor Charles F. Chandler of Columbia University who 
greeted the assembly in the following characteristic manner: 
“When I see so many chemists gathered together it carries 
my memory back to the days when there were not so many 
chemists in the whole United States as there are now in this 
room, to a time in fact when there was no place in the United 
States where a man could get a chemical education. That is 
within my recollection. I entered at Harvard University in 
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1853 fascinated with the idea of being a chemist. I stayed In addition to Lash Miller, F. A. Lidbury, F. J, T, RAJ 
there a year receiving practically no instruction in chemistry. Fitzgerald, L. E. Saunders, and F. M. Beckett \..... all a 
There were a half dozen others there like myself taken with thusiastic participants as were many of the Gene Elects 


the idea of becoming chemists, but the only practical instruc- 
tion we obtained was what we got from each other. I have 
often wondered, thinking over that year in the Lawrence 
Scientific School, whether we have really improved matters 
by the methods we have now adopted for teaching chemistry. 
In those days, the student had to do the work and if he had 
not enough interest in the subject, enough character to do 
the work, he dropped out and went into something else. 
Now we open our doors and we take students in by the hun- 
dreds who say that they want to be chemists and we do all 
the work... .” 

Among the many interesting and varied papers were con- 
tributions from such well-known authors as W. D. Bancroft, 
C.F. Burgess, W. K. Lewis, J. H. Hildebrand, T. W. Richards, 
G. A. Hulett. E. W. Washburn, and Colin G. Fink. 

The foregoing running account from the official records 
gives the flavor of those early days of the Society. It portrays 
the activities and expectations of those energetic, imagina- 
tive men who as leaders in the academic and industrial world 
of their day founded and led the Electrochemical Society. 
Closely related by technical interests, they developed a dis- 
cussion habit which has continued to characterize the general 
meetings of the Society. Finally, there was social intimacy 
and fellowship which led to that informal body known as 
Section Q. According to former President A. T. Hinckley, 
Section Q was organized by Professor W. Lash Miller some- 
time prior to 1910. Hinckley states “Professor Miller provided 
all members with lighted candles at an appropriate time in 
the evening that they might file in lighted procession to visit 
the hydraulic laboratories. This resulted in considerable gaiety 
and the ceremony was perpetuated for a number of years. 


men from Schenectady, including Dr. Willis R. W\. tney and 
his associates from the research laboratories there. \. :| Crosh, 
from Detroit and George Heise from Cleveland w. :« others 
who joined the group enthusiastically as the years wept on 
Many of the electrochemical songs which were use:!, partiey. 
larly in the electrochemical show at the Detroit ceting jy 
honor of Dr. Richards, were composed jointly by F. A, Liq 
bury and Ned Crosby. This same group was responsible {o, 
much of the gaiety which attended the initial train trip {, 
Muscle Shoals.”’ 

According to the proceedings of the fifteenth general meet 
ing, ‘a smoker was inaugurated at nine o’clock (May 7, 1999 
terminating with an interesting session of Section Q whiel 
was enjoyed by everyone, even those ‘hit’ the hardest.” The 
frontispiece of Volume 20 of the TRANSACTIONS presents , 
candlelight parade of Section Q accompanied by the bagpipe 
and would seem to confirm Hinckley’s recollections of the 
nature cf this organization. 

Oldtimers will remember the gracious hospitality of the 
leaders of Section Q, and particularly of F. A. Lidbury and 
others of the Niagara Falls Section. Even weary travelers of 
more recent times have been the fortunate recipients of this 
traditional hospitality. 

This history of persons and events of the early days leads 
to an understanding of how it has come about that The 
Electrochemical Society grew and has continued to mak: 
notable scientific and industrial contributions during its first 
half century. No one doubts that it will be the instrument 
for the accomplishment of even greater things in connection 
with the expanding chemical industry of the next fifty years 

—RMB 


at the same address. 


FIFTIETH ANNIVERSARY MEETING 
The Electrochemical Society 


Philadelphia, May 4, 5, 6, 7, and 8, 1952 


Sessions on 
Electric Insulation, Electrothermics, Instrumentation, Luminescence, 
Methods of Applying Phosphors, Rare Metals, Theoretical Electrochemistry 


Headquarters at the Benjamin Franklin Hotel 


Papers are now being accepted for the meeting to be held in Philadelphia. Abstracts (not exceeding 75 
words in length) are due at the Secretary’s Office, 235 West 102nd Street, New York 25, N. Y., mot later 
than February 1, 1952. Complete manuscripts shoud be sent in trplicate to the Editor of the JouRNAL 
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Fine Programs Mark Fall Section Meetings 


Philadelphia Section 


The first meeting of the 1951-52 
season of the Philadelphia Section was 
held on Wednesday evening, November 
ith, at the John Harrison Laboratory 
of Chemistry of the University of Penn- 
slvania. The meeting was preceded 
by an enjoyable informal dinner where 
members and guests had the privilege 
of meeting the speaker of the evening. 
The meeting was conducted by Dr. 
John F. Gall, the new chairman of the 
Section. 

Dr. Gall welcomed the 50 or 60 mem- 
bers and guests in attendance and, for 
the benefit of the guests, spoke briefly 
describing The Electrochemical Society. 
He recommended the Society to 
qualified persons who were not members 
and encouraged them to consider join- 
ing. 

Dr. Gall then introduced Dr. Hiram 
s. Lukens who is the general chairman 
of the National spring convention, the 
l0ist meeting, scheduled for May 4 
to 8, 1952, and to be held in Philadel- 
phia. Dr. Lukens outlined briefly the 
present plans of the convention commit- 
tees. The Philadelphia Section is en- 
thusiastically working on the plans 
lor this meeting, and it is the hope of 
the Section to make every condition 
lavorable for an outstanding meeting, 
as is fitting for the Fiftieth Anniversary 
of the Society. 

The speaker of the evening, Mr. F. 
Curtis Snowden, was then introduced 
by Dr. Gall. Mr. Snowden is with Gen- 
eral Aniline and Film Corporation, 
where he is engaged in the design and 
development of new analytical instru- 
mentation. 

The subject of Mr. Snowden’s address 
was “The Cathode-Ray Polarograph 
and Its Application to the Study of 
Chemical Kinetics.” The speaker opened 
his address by reviewing briefly the 


history of cathode-ray polarography. 
The contributions of Mathiason and 
Nichols, R. W. Miiller, and Airey and 
Randles were presented. The speaker 
discussed the differences in approach 
between what he chose to call normal 
oscillographie polarography and single- 
sweep oscillographie polarography. 


F. Curtis SNOWDEN 


The construction and characteristics 
of the instrument were presented next. 
The assembly contains a sweep genera- 
tor capable of applying to the dropping 
mercury electrode a linear voltage sweep 
which is continuous from +0.50 to 
—2.5 volts. Adequate linearity is ob- 
tained by using the first three volts of 
a 300-volt supply. A built-in vacuum 
tube voltmeter is used for adjusting 
the minimum and maximum values of 
sweep voltage. A voltage clipper is 
included in the cireuit to prevent the 
application of excessive voltage to the 
electrode. A blanking relay is provided 
to prevent the focussing of the electron 
beam on the cathode-ray tube screen 
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except when the input voltages are 
applied to the deflection plates. The 
voltage drop across the polarographic 
cell is maintained independent of the 
drop across the series current measuring 
resistor by means of a unique voltage 
compensating circuit. 

Mr. Snowden termed the delay gate 
the “heart” of the instrument. This 
unit synchronizes the voltage sweep 
across the cell with the mercury drop. 
This is necessary toinsure reproduci- 
bility of the curve for successive sweeps 
and to minimize the distortion intro- 
duced into the curve by the increase 
in diffusion current during the sweep 
interval. 

The speaker compared the potential 
field of application of this method with 
that for normal polarography. He stated 
that this instrument is particularly 
applicable to kinetic studies of reactions 
that go to completion relatively rapidly. 
As many as six points may be obtained 
for a reaction requiring only 30 seconds 
for completion. 

A number of kinetics studies were 
presented in which the course of the 
reaction was followed by the new polaro- 
graph. These included (1) a rapid light- 
sensitive reaction, (2) the heat decom- 
position of a diazo salt, and (3) the 
formation of an azo dye by a diazo 
coupling reaction. 

The fact that the polarographic trace 
as obtained by this method gives a peak 
instead of a plateau was discussed by 
the speaker. He pointed out that these 
peaks have some of the properties of a 
derivative wave and hence might be 
attributable to some electrical differ- 
entiating: effect. 

A lively question and answer period 
followed the close of Mr. Snowden’s 
address. 

E. L. Secretary 


(Continued on following page) 
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Washington-Baltimore Section 


Dr. Mortimer C. Bloom of the Naval 
Research Laboratory was moderator 
for the ninth meeting of the Washington- 
Baltimore Section which was _ held 
November 15th, 1951 at the National 
Bureau of Standards. A series of three 
talks was given on “The Behavior of 
Electrons in Solids.” The speakers and 
their topics with a brief abstract are 


listed below. 


Semiconductor Rectifiers 
Robert B. Breckenridge 


National Bureau of Standards 


While there are a number of types of 
rectifiers known, and a multiplicity of 
theories to explain the phenomenon of 
rectification in them, all of the theories 
suggested by the modern picture of 
conduction in solids are in agreement on 
one fundamental point. This primary 
characteristic is the assumption of the 
existence of an asymmetric potential 
barrier somewhere in the system over 
which the charge carriers will pass more 
readily in one direction than in the 
other. Such an asymmetric barrier can 
be produced in a number of ways. An 
“artificial” barrier may be produced by 
placing a very thin insulating film be- 
tween two metals with different work 
functions. A “chemical” barrier may be 
produced at the interface between a 
semiconductor and a metal by a change 
in composition of the semiconductor. 
A “physical” barrier may be formed at 
a semiconductor metal interface by a 
depletion of charge carriers from the 
impurity levels near the s»miconductor 
surface in order to establish a charge 
equilibrium between the two materials 
when they are in contact. The most 
recent development is a p-n junction 
barrier that is established when the type 
of charge carriers changes from holes to 
electrons at some point in a semicon- 
ductor. All of the theories predict a cur- 
rent flow of the type J = Io(e**"" — 1) 
although they differ in the values sug- 
gested for the constant J». Much of the 
difficulty in the application of the 
theories lies in the fact that an actual 
physical case may involve a composite 
barrier where several of the models 
may be applied. 


Luminescent Materials 
James H. Schulman 
Naval Research Laboratory 


A summary of the present state of 
knowledge of solid luminescent materials 
emphasized the important effects of 
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temperature and impurity content on 


the luminescence efficiency of solids, 
together with the theoretical interpreta- 
tion of these effects, was discussed in 
terms of configuration coordinate dia- 
grams and of the energy band picture of 
crystals. The preparation and charac- 
teristics of two important families of 
phosphors were described briefly. The 
difficulties that are encountered in 
interpretation of the general diffuse 
absorption and emission spectra of 
solid phosphors were pointed out, 
most phosphors giving broad emission 
bands even at liquid helium tempera- 
ture. Since the group of atoms or ions 
that emit the fluorescent light is not 
necessarily the same group that ab- 
sorbed the incident exciting energy, 
the problem of energy transfer and 
transport through a crystal is a very 
important one. The speaker discussed 
three mechanisms of energy transfer: 
by electron and hole migration, by 
exciton waves, and by sensitized lumi- 
nescence. A general property of phos- 
phors—the storage of energy and its 
remission under thermal or optical 
excitation—was also briefly discussed. 


Permeability at High Frequencies 
George T. Rado 


Naval Research Laboratory 


In introducing the subject, the 
speaker remarked that postwar stud- 
ies of magnetic permeability at high fre 
quencies were stimulated by the devel- 
opment of radaa techniques, the im- 
provement of certain ferromagnetic ox- 
ides (“ferrites’’), and recent advances in 
the, understanding of exchange forces 
and ferromagnetic domains. The sus- 
tained interest in this subject is largely 
due to the application of high frequency 
magnetic phenomena in various circuit 
elements, and as a tool for the clarifi- 
cation of some basic electronic and 
atomic interactions occurring in ferro- 
magnetic substances. 

The discussion continued with a re- 
view of the meaning of permeability at 
high frequencies. It was shown that 
the existence of a purely magnetic en- 
ergy loss, distinct from hysteresis and 
eddy current losses, requires the de- 
scription of the permeability by two 
real numbers, or one complex number. 
This complex permeability can be 
measured by determining the two com- 
ponents of the impedance of a toroidal 
core, cavity resonator, or other circuit 
element containing the ferromagnetic 
sample to be tested. A brief summary 
of domain theory was then given, and 
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the importance of electropo 
niques for the observation « 
domain patterns was noted. 
ticularly emphasized that : 
tary magnetic dipoles, t! 
spins, act like magnetic tops 
bar magnets. 

Finally, the results of two important 
experiments involving the 1 sponse of 
electronic moments to externally applied 
high frequency magnetic fields Were 
presented and contrasted: (1) Induce) 
ferromagnetic resonance, due to the 
forced Larmor precession of the whol 
system of spins in an externally applied 
strong, static magnetic field, and (2 
natural ferromagnetic resonance, dye 
to the forced Larmor precession oj 
the domains in internal fields and the 
forced oscillation of the “walls” betwee, 
the domains. Certain theoretical apd 
experimental problems connected wit! 
these two effects were mentioned }: 
closing the discussion. 

A very interesting discussion perio 
followed these talks. 

J. C. Wurre, Secretary-Treasure 
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Chicago Section 


The Chicago Section was treated t 
an especially interesting acdress wher 
they met on November 2nd, at the 
Chicago Engineers’ Club. Dr. R. |! 
Humphreys, Chairman, Physics Re 
search Department, Armour Resear! 
Foundation, spoke on “Nuclear Tracers 
in Chemical Processes.” 

In an effort to dispel some of the 
mystery surrounding nuclear chemistr 
Dr. Humphreys presented the funda 
mental principles involved in_ the 
design and execution of tracer exper 
ments. After explaining the properties 
of the several nuclear particles, he 1 
viewed the many items of equipment 
which are available for tracer work 
emphasizing the fact that many ver 
productive experiments can be pe 
formed at a radiation level so lov 
that no unusual protective precaution 
need be taken. Furthermore, Dr. Hum 
phreys pointed out that equipment! 
for tracer work need not be mor 
expensive than for other widely use 
techniques. 

The enthusiasm displayed dunng 
the question period left no doubt tha! 
the audience went away from the mee! 
ing with a host of new ideas. 

Howarp T. Franets, Secreta’ 


Detroit Section 


At its November me ‘ting 
Wayne University, the Detroit Sect! 
heard an address on the “Merits at 
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emerits Conductivity Theories” 
. Dr. Lee O. Case, Department of 
hemistry, University of Michigan. 
In his talk, Dr. Case discussed some 
¢ the important conductivity theories 
nd attempted to resolve some of the 
onfusion Which exists in this field. It 
js an informal presentation and pro- 
Jed an excellent opportunity for his 
teners to clarify some ideas on con- 
ictivity. The question period which 
vllowed attested to the lively interest 


n the discussion. 
A. M. Lunn, Secretary-Treasurer 


Midland Section 


The second meeting of the season 
»ened with a dinner at the Midland 
‘ountry Club, on November 15th, 
onoring our President, Dr. Ralph M. 
junter. The group then adjourned to 
he Dow Auditorium for the program. 
After preliminary motion pictures, 
. Hunter presented his very interest- 
ng talk “What the Pioneers Missed,” 
» which he pointed out the charac- 
eristics of the development of electro- 
emieal industry. Since applications of 
eoretical principles are often mis- 
eading, the speaker showed how situa- 


ns, theoretically difficult to explain, 


gured in the pioneering of what is 
day one of the fundamental building- 
ocks of our entire chemical industry, 
wmely electrochemistry. 

The point was amplified by illustra- 
ons from the chlorine and magnesium 
ndustries. Comparisons with ‘the more 
iblicized and spectacular growth of the 
lectrie power industries, and more 
ecently the atomic energy installa- 
ons, showed the unsung nature of our 
oneering and, at the same time, its 
“jually spectacular character and im- 
ortance. 

The data presented led to consider- 
ble comment in the question and 
uswer period following the talk. 

W. R. Perry, Secretary 


ew York Metropolitan Section 


In one of the largest gatherings in 
ts history, the New York Metropolitan 
ection enjoyed a social hour and 
inner at the Holley Hotel on November 
Mth. Following this, R. L. Wallace, 
It, of Bell Telephone Laboratories, 
lurray Hill, New Jersey, spoke on the 
ibject “Some Unusual Properties of 
he n-p-n Transistor.” 

In a strietly popularized version of 
fn extreniely complex topic, the speaker 
oth informed and entertained the 
udience. 


CURRENT AFFAIRS 


Although theories of transistor action 
were not discussed, Mr. Wallace at- 
tempted to standardize the rather 


ephemeral unit “Flea Power.” It seems _ 


that a vigorous flea jumping 50 cm 
vertically would dissipate no more 
energy than would a transistor during a 
minute’s operation. 

The features of the transistor that 
make it particularly attractive to 
circuits engineers are its very small 
size and weight, its long life, and the 
fact that it does not require a heated 
surface as the source of electrons as 
is the case with a conventional vacuum 
tube. 

During the discussion which followed 
the talk reference was made to the 
concept of “holes” or vacancies in the 
germanium lattice. As an_ electron 
moves through the lattice of a semi- 
conductor it leaves a vacaney, which 
may be considered as bearing a positive 
charge, behind. Mathematically, it is 
often more convenient to consider 
migration of “positive holes” than of 
negative electrons. The need for extreme 
purity of the semiconductor was also 
mentioned. Apparently the spectro- 
graph is too crude an instrument for 
analytical purposes. 

F. A. Lowennerm, Secretary-Treasurer 


India Section 


The India Section’s third technical 
meeting for 1951 was held at Mettur 
Dam on October 27-28, 1951. This was 
the first meeting of the Section outside 
Bangalore. 

The first day’s program commenced 
with visits to the Mettur Dam and 
Power House, the Mettur Sandalwood 
Oil Company, and the Mettur Indus- 
tries. In the afternoon the members 
and guests were entertained at Tea. 
This was followed by a_ technical 
meeting with Mr. J. Balachandra in the 
Chair. Mr. K. Rajagopal (Society 
member) of the Mettur Chemical & 
Industrial Corporation, Mettur Dam, 
read a paper on “Electrolytic Caustic- 
Chlorine Industry in India.” 

The speaker gave an account of the 
development of this industry in India 
and emphasized the fact that the 
disposal of the chlorine produced was 
an important problem to be considered 
in any scheme for expansion of the 
industry. The consumption of caustic 
soda was estimated at 64,000 tons 
whereas the present installed capacity 
of electrolytic caustic was only 13,000 
tons. Methods for utilizing the chlorine 
were outlined. He then described the 
methods of manufacture with special 
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reference to the electrolytic cells in 
operation at the Mettur Chemicals, 
namely, the Billiter and Hooker S 
type. 

A discussion followed the talk in 
which many members participated. 
The Secretary, Dr. T. L. Rama Char, 
expressed the thanks of the Section to 
the authorities of the Mettur Chemical 
& Industrial Corporation for giving all 
facilities to hold this meeting, including 
arrangements for the stay of members at 
Mettur. The meeting terminated after 
a vote of thanks to the Chair. The 
members were then entertained with a 
film by Mettur Chemicals. 

On the second day, the members 
made a tour through the Mettur Chemi- 
eal & Industrial Corporation. This visit 
was of particular interest as the Corpo- 
ration produces caustic soda and chlorine 
by the electrolytic method. The program 
was rounded off with a lunch arranged 
by Mettur Chemicals. 


* * * 


The Society has approved the pro- 
posal of the Section to issue a Bulletin 
of the India Section of The Electro- 
chemical Society. The Chairman of the 
Section has appointed an Editorial 
Committee and Advisory Board for 
the Bulletin and arrangements are 
being made to bring out the first issue 
early in 1952. 

T. L. Rama Cuar, Secretary-Treasurer 


Indian Symposium 
on Electroplating 


The National Metallurgical Labora- 
tory, Council of Scientific & Industrial 
Research, India, has arranged to hold a 
Symposium on “Electroplating and 
Metal Finishing” at Jamshedpur during 
February 1952. It will cover the theo- 
retical and practical aspects of electro- 
plating, electropolishing and anodizing, 
and help in disseminating technical 
information useful to the research 
worker as well as the industrial plater. 
A number of electrochemists and elec- 
trometallurgists, including members of 
The Electrochemical Society, are ex- 
pected to participate in the Symposium. 

T.L.R.C, 


Correction 


In the August 1951 issue of the 
JoURNAL, page 115C (Notes from 
India), column 1, line 438, substitute 
“Voree” for “Hooker”; in column 2, 
line 33, for “D. V. Krishna” substitute 
“D. V. Krishna Rao.” 


: 
\ 
— 
| 


vty 


20C 


Victor Produces First 
Phosphorus in Montana 


The first elemental phosphorus ever 
produced in the State of Montana left 
the Silver Bow electric furnace plant 
of Victor Chemical Works on November 
5th, destined for conversion into phos- 
phate products serving a wide variety 
of military, industrial, and home needs. 

The pioneer tank car of phosphorus 
was dispatched to the Chicago Heights, 
Illinois, plant of Victor, which is a 
major producer of industrial chemicals. 
The second carload goes to Victor’s 
converting plant in South Gate, Cali- 
fornia. The company’s other electric 
furnace plants are in Mount Pleasant, 
Tennessee, and Tarpon Springs, Florida. 

The Silver Bow plant is located near 
Butte. Construction was started about 
a year ago following a thorough study 
of phosphorus requirements and analy- 
ses of the availability of phosphate rock 
and electric power used in reduction of 
the rock into elemental phosphorus. 
The Silver Bow plant will consume an 
amount of electric power equal to that 
used normally in a city the size of 
Denver. 

Victor now has six furnaces in regular 
production and when the expansion 
program is completed next year, the 
company will have increased its phos- 
phorus production and its end-product 
output approximately 60 per cent over 
the capacity existing on October 1, 
1951. This, it is said, will make the 
company the world’s largest producer 
of phosphorus and phosphate products. 


Electrodepositors’ 
Society Changes Name 


Announcement has been made that 
the Electrodepositors’ Technical Society 
of London is now officially incorporated 
as a limited corporation and, at the 
same time, has adopted a new title. It 
will henceforth be known as the In- 
stitute of Metal Finishing Incorporating 
Electrodepositors’ Technical Society 
Limited. 

This step is in accordance with the 
general policy of the Society to extend 
its field beyond electrodeposition proc- 
esses to include metal finishing gen- 
erally, with which the bulk of its mem- 
bers are vitally concerned. The change, 
however, will not affect the original 
aims of the Society which will be 
pursued with the same interest as 
formerly. 

The Executive Officers and Council of 
the new Institute remain unchanged. 
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Philadelphia Historical Exhibit 


As a feature of the Fiftieth Anniversary Meeting in P ila. 
delphia, May 4-8, 1952, it is planned to have an exhibit of 
apparatus and industrial equipment used in the earlier (jays 
of electrochemistry. The committee in charge of arranging 
this exhibit mvites the cooperation of members of the Soci- 
ety in providing exhibit material for use during the Philg- 
delphia meeting. Kindly address inquir.es to the chairman 
of the committee: Arthur Osol, Philadelphia College of Phar- 
macy and Science, 43rd St. & Kingsessing Ave., Philacel- 


Electronics Division To 
Offer Abstract Booklet 


As a service to members, the Execu- 
tive Committee of the Electronics 
Division has made plans to publish an 
abstract booklet of all papers to be given 
at the sessions of the Division which will 
be held at the Philadelphia Meeting 
(May 4 to 8, 1952). This is expected 
to include the Symposia on Lumines- 
cence, Rare Metals, Phosphor Applica- 
tion, and Instrumentation. The ab- 
stracts will average 1000 words and 
will contain essential tables and figures. 
It is planned to have the booklet avail- 
able before the meeting. 

To finance this venture, the Commit- 
tee has decided to assess Divisional 
dues at $1.00 per year for 1951 and 
1952 ($2.00 total). Members paying 
their dues will be given credit for half 
of these dues ($1.00) toward purchase 
of the abstract booklet. The exact cost 
of the booklet is not yet known; it is 
hoped that it will not be more than 
$2.50. 

It is essential to know in advance 
how many members will buy the 
abstract booklets so that the Division 
will have some idea of the number to 
be printed. Therefore, it would be ap- 
preciated if all who would find the 
booklet useful would send prepublica- 
tion orders to: 

J. R. Musgrave 
The Eagle-Picher Company 
Box 290, Joplin, Missouri 

Those who intend to submit papers 
for the program should write im- 
mediately to the appropriate Chairman: 
Rare Metals: D. M. Wroughton, 707 

Gaywood Drive, Pittsburgh 21, Penn- 

sylvania 
Luminescence: Roland Ward, Univer- 


sity of Connecticut, Storrs, (op. 
necticut 
Screen Engineering: A. E. Hardy, R. D 
4, Lancaster, Pennsylvania 
Instrumentation: R. H. Cherry, Leeds 
& Northrup Company, 4901 Stent) 
Avenue, Philadelphia, Pennsylvaniy 


New List of German 
Chemical Books Ready 


A new catalogue entitled “German 
Books on Chemical and Cognate Sub- 
jects Published 1939-1950” has beer 
announced by Lange, Maxwell & 
Springer, Ltd., 41-45, Neal Street, Lon- 
don, W. C. 2. This is the Second Re. 
vised Edition, and is by A. E. Cummins 
and 8. Vince. It will be sent free o 
charge, upon request to the publisher 
mentioned above, to scientific and 
industrial libraries and to individuals 
who may be interested. 


MEETINGS OF OTHER 
ORGANIZATIONS 


AMERICAN INstItTUTE OF ELeEcTRICA! 
ENGINEERS, winter general meeting 
Hotel Statler, New York Cit 
January 21-25, 1952. 


American Society ror Testine Mi 
TERIALS, spring meeting and col 
mittee week, Hotel Statler, Cleve 
land, Ohio, March 3-7. 


AMERICAN Society oF MecHanical 
ENGINEERS, spring meeting, Seattl 
Wash., March 24-26. 


Greater New York Sarety Council 
22nd annual safety convention ¢ 
exposition, Hotel Statler, New Yor 

City, April 1-4. 
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Wrsert A. TAEBEL, recently of 
Fimer & Amend, New York City, has 
‘ined the Westinghouse Electric Cor- 
oration, at Bloomfield, N. J., as 
Section Engineer. His work includes 
the coordination of research and de- 
velopment activities associated with 
the powder metallurgy of molybdenum. 


Joseph F. Cernes of Cleveland 
Graphite Bronze Company’s Engineer- 
ng Division, Cleveland, has been 
promoted from senior metallurgist to 
chief metallurgist; at the same time 
Harry V. PocHarsky was promoted 
to chief electrochemist from senior elec- 
trochemist. 


Rozert D. Scuwartz has received 
the Ph.D. degree in chemistry from the 
University of Buffalo, and has accepted 
, position in the Research Department 
of Electro Refractories and Abrasives 
Company, Buffalo, N. Y. 


Harotp Sitman, Chief Chemist of 
Joseph Lueas Ltd., Birmingham, Eng- 
and, was elected the first President 
of the newly incorporated Institute of 
Metal Finishing which now includes 
the functions of the Eleetrodepositors’ 
Technical Society (founded in 1925) 
which it incorporates. 


Ropert W. Manvet of Cincinnati, 
Ohio, has accepted a position with Lago 
Oit and Transport Company, Ltd., 
Aruba, Netherlands West Indies. 


B. K. R. Prasap, Electrie Grid 
Offices, Government of Bombay, Bom- 
bay, India, has been appointed Chair- 
man of the Electrical Section of the 
Bombay Center of the Institution of 
Engineers (India). 


Perri Bryk, who was formerly 
weated at Outokumpu Oy, Pori, Fin- 
land, is now at Puistokatu 9B, Helsinki, 
Finland, 


Sven Beresrrom, president of Nife, 


Ine., 165 Broadway, New York City, 
announces that his firm has moved to 


Copiague, (Box 341), Long Island, 


Louis Kornig, former Assistant 
Director of Research at Stanford Re- 
search Institute, Stanford, Calif., is now 
on the staff of Southwest Research 
Institute, San Antonio, Texas. 


CURRENT AFFAIRS 


Joun SumMNeR of National Carbon 
Limited, Toronto, Canada, has been 
transferred to this company’s office at 
637 Craig Street West, Montreal, Can- 
ada. 


Rap J. Hovey, Jr., formerly with 
Scientific Control Laboratories, Chi- 
cago, has joined the staff of the Fan- 
steel Metallurgical Corporation in 
Chicago. 


Grorce Srern has been elected 
Vice-President and Technical Director 
of American Electro Metal Corp., 
Yonkers, N. Y. Mr. Stern, formerly 
Research Director for the company, 
holds mahy patents, and has had 
numerous publications in the field of 
powder metallurgy. 


NEW MEMBERS 


In November 1951, the following 
were elected to membership in The 
Electrochemical Society: 


Active Members 


Mitton J. Atien, National Cancer 
Institute, Bethesda 14, Md. (Electro- 
Organic) 

Cuarues H. Betvin, Chromium Cor- 
poration of America, 100 E. 42nd 
St., New York 17, N.. Y. (Electro- 
deposition) 

Gerorce L. Ciark, 305¢ Noyes Labora- 
tory, University of Illinois, Urbana, 
Ill. (Battery and Electrodeposition) 

Wituiam 8. Grarr, Electric Storage 
Battery Company, mailing add: Apt. 
K303, 1415 Clearview St., Philadel- 
phia 41, Pa. (Battery) 

Wituram M. Lanepon, Graham, Crow- 
ley & Associates, Inc., mailing add: 
341 KE. Ohio St., Chicago 11, II. 
(Battery and Electro-Organic) 

Donato R. Martin, Naval Research 
Laboratory, mailing add: 12 W. 
Linden St., Alexandria, Va. (Cor- 
rosion and Theoretical Electrochem- 
istry) 

SvaANTe MeELLOoGREN, National Lead 
Company, mailing add: 880 Highway 
35, Laurence Harbor, N. J. (Electro- 
deposition) 

Rosert D. Miscu, Argonne National 
Laboratory, P.O. Box 5207, Chicago 
80, Ill. (Corrosion) 

Francis Surface Alloys Ine. 
mailing add: 5835 W. 98th St., Los 
Angeles 45, Calif. (Electrodeposition) 

T. Amalgamated Bat- 
tery & Electrical Co., Ltd., P.O. 
Box 9515, Johannesburg, Transvaal, 
South Africa (Battery) 


NorMAN PArKINSON, Mallory Batteries 
Ltd., mailing add: 76, Hayes End 
Dr., Hayes, Middelsex, England (Bat- 
tery, Electrodeposition, and Indus- 
trial Electrolytic) 

Ipa M. Patrerson, Naval Research 
Laboratory, mailing add: Apt. 103, 
4614 Livingston Rd., 8. E., Wash- 
ington 20, D. C. (Battery) 

Georce J. Perro, Arthur 8. LaPine 
& Co., mailing add: 905 W. George 
St., Chicago 14, Ill. (Theoretical 
Electrochemistry) 

Kennetu L. SAnsorn, General Electric 
Company, mailing add: 801 Snow 
Ave., Richland, Wash. (Corrosion) 

Morais A. StremnserG, Horizons, Inc., 
2891 E. 79th St., Cleveland 4, Ohio 
(Electrothermic) 

Cuarues G. Strupp, The Barrett Divi- 
sion, Allied Chemical & Dye Corpora- 
tion, 40 Rector St., New York 6, 
N. Y. (Industrial Electrolytic) 

Kusuniko Takanasui, Tokyo Electro- 
chemical Industries Co., Ltd., No. 
11 Tsuneyoshi-Furushinden, Amaga- 
saki City, Hyogo Pref., Japan (Bat- 
tery, Electrodeposition, Electronics, 
Industrial Electrolytic, and Theoreti- 
cal Electrochemistry) 


Reinstatements 


Watrer Brnat, Consulting Engineer, 
mailing add: 3916 N. Parker Ave., 


BOUND VOLUMES 


Members of the Society who 
wish to have their 1951 JourNALS 
bound may do so by making ar- 
rangements with: 


Moore & Company, Inc. 
2201 Garrett Avenue 
Baltimore 18, Maryland 


The collected copies of the 
JourNAL should be sent directly 
to the binder. The binding used 
will match the 1950 volumes 
(red simulated leather). The price, 
including postage, will be $3.25 
for binding the complete JouRNALS 
or $3.75 for binding the technical 
section and index only. Delivery 
time will be four weeks after re- 
ceiving JoURNALS. To avoid error 
be sure that your return address 
is clearly marked on the package of 
JouRNALS sent to the binder. 

Requests for this service should 
be directed to the binder and not 
to the Society. 
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Indianapolis 5, Ind. (Corrosion, Elec- 
trodeposition, and Industrial Elec- 
trolytic) 

Hersert Scumipt, Dow Chemical 
Co., mailing add: 1313 Helen St., 
Midland, Mich. (Corrosion) 


Associate Members 


Wituram C. Davis, Sylvania Electric 
Products Inc., mailing add: 173 Fall 
St., Seneca Falls, N. Y. (Electronics) 

Arruur L. Geary, Chemical Research 
and Development, Weirton Steel 
Co., Weirton, W. Va. (Corrosion 
and Electrodeposition) 

George U. Air Force, 
mailing add: 2109 Green St., Harris- 
burg, Pa. (Electrodeposition) 

D. L. Srrkantan, The Cauvery Valley 
Paper Mills Ltd., mailing add: 
Palace St., Nanjangud (Mys. St.) 
India 


Student Associate Members 


Frank L. McGeary, Aluminum Re- 
search Laboratories, Box 772, New 
Kensington, Pa. (Corrosion) 

Cuarence F. Jr. Louisiana 
State University, mailing add: 2519 
Jackson Ave., Baton Rouge, La. 
(Theoretical Electrochemistry) 

Lazarus D. Tuomas, University of 
Michigan, mailing add: 2210 Maple- 
wood Ave., Toledo 6, Ohio (Theoreti- 
cal Electrochemistry) 


BOOK REVIEWS 


LUMINESZENZ VON FLUESSIGKEITEN UND 
FESTEN KoerPerRN by Peter Pring- 
sheim and Marcel Vogel. Published 
by Verlag Chemie, GMBH, Wein- 
heim, 1951. xiv plus 240 pages, 
DM 18.60. 

The first two parts, comprising 204 
pages, are a literal translation of the 
authors’ book which was published in 
1943 in English. All of the typographical 
errors which this reviewer had noted in 
the English edition have been corrected, 
but some statements of a minor nature 
still appear with which the reviewer is 
not in accord. 

Dr. Pringsheim has added a third part 
of 18 pages on recent developments, 
with the aim of bringing the book up to 
date. The topies discussed include 
measuring devices, some of the new 
phosphors, efficiency under excitation 
by high energy particles, fluoresence 
analysis, fluorescent pigments, fluores- 
cent lamps, and new types of screens for 
television, radar, infrared signaling, 
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temperature measurements, and scintil- 
lation counters. The presentation is 
suggestive but very brief, and the 
bibliography could well be longer. The 
calcium halophosphate phosphors, it 
should be noted, are well suited for 
lamps but not for television. 

Although the book is not at all as 
profound or as extensive as other 
recent books in English, including Dr. 
Pringsheim’s fine and _ philosophical 
treatise, “Fluorescence and Phosphor- 
escence,”’ it remains an excellent intro- 
duction to the subject, short but clear, 
concise, and readable. In addition to 
this merit, this new edition should have 
a special appeal to German readers 
because of its presentation of American 
developments of the past fifteen years 
or 80. 

The binding is strong and attractive, 
and the typography is pleasing, except 
that the quality of the type leaves, at 
times, something to be desired. The 
photographs lack the detail present in 
the English edition. 

Gorton R. Fonpa 


PracticaL ELecrron Microscory by 
V. E. Cossterr. Published by Aca- 
demic Press Inc., New York, and 
Butterworths Scientific Publications 
Ltd., London, 1951. xiii plus 299 
pages, $5.50. 

One of the leading British electron 
microseopists skilfully covers the field 
of practical electron microscopy. The 
principles of optical and electron micros- 
copy are well presented in a practical 
manner which uses a minimum of 
mathematics. A comprehensive but not 
too detailed description of commercial 
magnetic electron microscopes includes 
many European instruments, not well 
known in this country. Electrostatic 
and other types of microscopes are 
also described. Factors determining 
micrograph quality are discussed in 
considerable detail including instru- 
mental and photographie recording 
limitations. Techniques of specimen 
preparation peculiar to electron micros- 
copy are thoroughly treated in two 
chapters dealing respectively with par- 
ticles, tissues, and sections, and with 
replica methods used in electron micro- 
scopical studies of surfaces. The chapter 
dealing with present limitations and 
future prospects is very interesting, 
even though the prospects do not now 
lié within the field of practical electron 
microscopy. 

In common with most other texts on 
the electron microscope, the book does 
not fairly assess the value of electron 
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stereophotography, which reviews 
feels is often indispensal'> the 
interpretation of microgra)|\s of 
faces, and cannot be suy) ianted 
shadowing methods. Similar! scatter, 
through the book are ma: positin 
statements which are certainly yo 
proved: for example (p. 216), “4p, 
extreme simplicity and speed of th 
single-stage plastic replica greatly oy 
weigh any extra throught that mg, 
have to be given to its evaluation,” 
a statement with which the revieye, 
vigorously disagrees. The presentatic, 
of opinions as truths or facts is perhaps 
inevitable in a new pictorial science sy} 
as electron microscopy, which is bound 
ing forward into the unknown worl 
of the ultra-small. 

To sum up, the book is an excelley 
introductory text for students of ele 
tron microscopy. Many electron micros 
copists will also want to have it avai 
able on their shelves for reference pur. 
poses. The simplicity of presentation | 
and lucid writing style will commend the 
book also to all those interested in the 
potentialities of electron microscop 
as a tool of science. 

C. J. 


RECENT PATENTS 
Selected for electrochemists by Fred 
W. Dodson, Chairman of the Patent 


Committee, from the Official Gazett 


August 7, 1951 


Longsworth, L. G., 2,563,729, Method 
and Apparatus for Control of Bound 
ary Between Electrolytic Fluids 


August 14, 1951 


Allen, M. J., 2,563,806, Preparation 0! 
Substituted Bis-Aminopheny! Ethy! 
ene Glycols 

Wollentin, R. W., and Nagy, 2 
2,563,900, Phosphor and Method «i 
Making 

Nagy, R., and Wollentin, R. \ 
2,563,901, Phosphor and Method «i 
Making 

Zadra, J. B., 2,563,903, Electrolyti 
Cell for the Deposition of Gold and 0 
Silver from Solutions 

Harrison, T. R., 2,563,931, Rate Re 
sponsive Thermocouple 

Huntsberger, H. D., 2,563,936, Methot 
of Manufacturing Battery Grids 

Willmore, C. B., 2,564,044, Alurinut 
Magnesium Casting Alloys 

Duddy, J. C., 2,564,397, Mieroporots 
Diaphragms and Method of \lakiné 
the Same 
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Mullen, J. 2,564,495, Deferred Ac- 
tion Battery 

L., and Stuart, A. P., 
Polychlorinated Vinyley- 


Johnson, H. 
564,054, 


clohexene and Its Use as Insecticide 


August 21, 1951 


jrent, A., 2,564,661, Steel Plating 


Method 

Wallace, E. H., 2,564,823, Electro- 
polish Interrupter 

Ferrand, L., 2,564,837, Cell for the 
Electrolytic Production of Alumi- 
num 

Hodge, A. W., 2,564,844, Copper-Iron- 
Chromium Alloy 

Thompson, J. 8., 2,564,864, Method of 
and Solution for Increasing Kesist- 
ance to Corrosion 

Black, H. R., 2,564,950, Glass-To- 
Metal Seal and Composition Thereof 

Smith, E. K., 2,565,004, Method of 
Forming Oxide Coating on Tantalum 
Electrodes 

Warner, J., 2,565,010, Combined Bat- 
tery Filling Cap and Plug 

Volochine, T., 2,565,105, Thermoelec- 
tric Radiation Receiver 

Wernlund, C. J., 2,565,189, Electro- 
polishing Steel 

Payson, P., 2,565,264, Hardenable Al- 
loy Steels Resistant to Softening at 
Elevated Temperatures 

Shuler, C., Godfrey, C. J., and Medlar, 
L. A., 2,565,273, Battery Charger 

Amico, 8. F., 2,556,338, Germanium 
Crystals 


August 28, 1951 


Driver, D. L. A., 2,565,483, Process for 
Manufacturing Selenium Cells 

Ingram, M., 2,565,501, Salinity Indi- 
cator System 

Brown, R. H., 2,565,544, Cathodic 
Protection and Underground Metallic 
Structure Embodying the Same 

Zachlin, A. C., 2,565,674, Storage Bat- 
tery 

Gittings, D. O., 2,565,768, Aluminum 
Coating of Ferrous Metal and Re- 
sulting Product 

Beanblossom, W. S., 2,566,052, Process 
for Photochemical Chlorination of 
Hydrocarbons 

loverde, A., and Beanblossom, W. 8., 
2,566,065, Processes for Photochem- 
ical Chlorination of Hydrocarbons 

lert, K., 2,566,105, Method of Manu- 
facturing Carbon Depolarization Bod- 
ies for Atmospheric Oxygen Elements 

Bloch, R., 2,566,114, Electric Cell 

Bounds, A. M., 2,566,115, Alloy for 
Cathode Element 


September 4, 1951 
Bennine, A. F., and Richards, M. K., 


CURRENT AFFAIRS 


Application 601,116, Electrode As- 
semblies 

Brewer, A. K., 2,566,308, Process and 
Apparatus for the Electrochemical 
Separation of Chemicals by Ion Mi- 
gration 

Mager, E. L., 2,566,349, Electrolumi- 
nescent Lamp 

Symmes, W., 2,566,467, Stripping Cath- 
ode 

Taylerson, E. 8., 2,566,468, Method of 
Treating Electrolytic Coatings 

Rabbitts, A. T., 2,566,676, Electrodep- 
osition Apparatus 

Hook, G. C., 2,566,887, Corrosion In- 
hibitor 

Ruscetta, R. A., 2,566,908, Electrolytic 
Capacitor 

Malowan, J. E., 2,567,156, Corrosion 
Inhibitor for Concentrated Phos- 
phorie Acid 


September 11, 1951 


Blake, W. O., 2,567,542, Battery Break- 
ing Machine 

Kaplan, M. L., 2,567,713, Light Filter 
for Black and White and Color Tele- 
vision Receivers 

Kaplan, M. L., 2,567,714, Cathode-Ray 
Tube 

Head, R. B., 2,567,769, Alkaline Earth 
Oxysulfide Phosphor 

Pippin, C. A., Robinson, M. O., and 
Bennett, W. R., 2,567,855, Rapid- 
Wetting Bentonite-Calcium Sulfate 
Backfill for Cathodic Protection 

De Ment, J., 2,567,877, Electrochem- 
ical Bonding of Aluminum with 
Other Materials 


September 18, 1951 


Green, D. F., Mallet, N. P., and Bris- 
coe, J. M., 2,567,934, Process of 
Electrodepositing an Alloy of Lead 
and Indium 

Scaff, J. H., and Theuerer, H. C., 
2,567,970, Semiconductor Comprising 
Silicon and Method of Making It 

Lee, G. L., and Eash, J. T., 2,568,013, 
Cast Graphitie Nickel Alloy and 
Method of Making Same 

Eash, J. T., and Lee, G. L., 2,568,014, 
Graphitic Nickel Tin Alloy and 
Method of Making Same 

Willmore, C. B., 2,568,179, Aluminum 
Base Alloys 

Willmore, C. B., 2,568,180, Aluminum 
Base Alloys 

Martinet, N., 2,568,199, Method and 
Apparatus for Testing Papers and the 
Like 

Bennett, F. C., 2,568,578, Electrically 
Heated Transfer Pipe 

Robinson, H. A., 2,568,594, Galvanic 
Anode Assembly 
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September 25, 1951 

Beck, A. H. W., 2,568,705, Nonsput- 
tering Cathode for Electron Discharge 
Devices 

von Hippel, A., and Bloom, M. C., 
2,568,780, Rectifier Manufacturing 
Process and Products Obtained 
Thereby 

Benning, A. F., and Richards, M. K., 
2,568,844, Process and Apparatus 
for the Electrolytic Production of 
Fluorine 

Spruance, F. P. Jr., 2,568,936, Method 
of Improving the Resistance to Cor- 
rosion and Abrasion of Certain 
Coated Aluminum Surfaces 

Heyrovsky, J., 2,569,100, Apparatus for 
Electrolytic Investigation of Solutions 

Roscoe, J. W., 2,569,116, Static Charge 
Removal Device 

Gelardin, B., 2,569,159, Gas Permeable 
Coating for Dry Cell Flashlight 
Batteries 

Osborne, 8. G., and Mitchell, A., 
2,569,329, Operation in Electrolytic 
Alkali Chlorine Cells 

Willihnganz, E., 2,569,361, Electro- 
chemical Cell Diaphragm 

Bradner, D. B., Stoddard, W. B., Jr., 
and Blickensderfer, P. S8., 2,569,368, 
Joining Metal Parts 


October 2, 1951 

Chester, A. E., and Schram, I. H. Jr., 
2,569,453,- Vitreous Enamel Base 
Stock, Vitreous Enameled Articles 
and Method 

Leontis, T. E., 2,569,477, Magnesium 
Alloy 

Otto, E. M., 2,569,491, Dry Cell 
Composition 

Reading, H. J., 2,569,577, Method of 
and Apparatus for Electroplating 

Rieger, E. W., 2,569,578, Apparatus 
for Electrocoating Striplike Material 

La Lande, W. A. Jr., Aeugle, M. E., 
and Molyneux, G., 2,569,677, Photo- 
chemical Production of Benzene 
Hexachloride 

Lyon, D. W., 
Phosphors 

Lyon, D. W., 
Phosphors 

Calkin, F. G., 2,570,096, Facsimile 
Wet Electrolytic Recording 

Heine, G. F., 2,570,123, Device for 
Facilitating the Checking of Storage 
Batteries 

Lyon, D. W., 2,570,136, Infrared Phos- 
phors 

Weber, C. F., 2,570,174, Metal Cleaning 
and Plating Process 


October 9, 1951 


Bohnet, W. J., and Bagley, G. D., 
2,570,311, Electric Induction Furnace 


2,569,939, Infrared 


2,569,940, Infrared 
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Gorin, E., 2,570,543, Conversion of 
Carbon to Electrical Energy 

Honey, E. M. O., and Hardy, C. R., 
2,570,677, Battery Separator 

Bain, F. F., and Broun, O., 2,570,748, 
Wire Drawing Apparatus 

Robinson, H. A., and Humble, H. A., 
2,571,062, Sacrificial Anode System 
for Protecting Metals in Sea Water 


October 16, 1951 


Lord, F. Le B., 2,571,145, Battery 
Terminal Connector 

Huebotter, E. E., 2,571,247, Electro- 
dialytic Treatment of Well-Drilling 
Fluids 

Rooney, J. T., 2,571,488, Thickness 
Measuring Device 

Leland, G. H., 2,571,588, Alternating- 
Current Rectifier of the Selenium 
Type 

Ruben, 8., 2,571,616, Electric Current 
Producing Cell 

Ford, W. D, 2,571,700, Method of 
Coating Thermocouples 

Gray, A. N., 2,571,709, Apparatus for 
Electroplating Articles 

Lewis, R. W., and Linton, A., 2,571,732, 
Primary Electric Cell 

Perkins, F., 2,571,754, Process of Pro- 
longing the Life of a Storage Battery 

Kendall, T. L., 2,571,893, Submersible 
Vent Cap 

Lawlor, F. E., 2,571,901, Chlorinating 
Process 

Longini, R. L., 2,571,905, Zine Sulfide 
X-Ray Phosphors 

Neumann, G., and Gottesmann, U., 
2,571,927, Electrolytic Cell and, in 
Particular, Alkaline Cell 

Swartout, J. A., 2,571,965, Process for 
Production of Radioactive Lron 

Rupp, J. L., 2,571,988, Storage Battery 


October 23, 1951 


Berl, L., 2,572,002, Photochemical For- 
mation of Benzene Hexachloride 

Ellis, G. B., 2,572,017, Dry Battery 
Cell 

von Hippel, A., Bloom, M. C., and 
Schulman, J. H., 2,572,079, Radia- 
tion-Sensitive Cells and Method of 
Making Same 

Valentine, K. B., 2,572,219, Method 
of Processing Electroplated Spring 
Steel Parts 

Cooper, H. 8., 2,572,248, Electrolytic 
Method of Making Boron 

Cooper, H. 8., 2,572,249, Electrolytic 
Production of Elemental Boron 

Zimmerman, H. M., and Cahoon, N. C., 
2,572,296, Primary Cell and Battery 
and Method of Making Same 

Duddy, J. C., 2,572,324, Storage Bat- 
tery Construction 
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LITERATURE 
FROM INDUSTRY 


Actp-Proor TANTALUM EQUIPMENT. 
A 28-page booklet on the chemical and 
physical properties of tantalum gives 
detailed engineering descriptions of 
single and multiple tube bayonet 
heaters, coils, heat exchangers, con- 
densers, hydrochloric acid absorbers, 
instrument protection, tubing and fit- 
tings. 72 illustrations and 4 tables. 
Fansteel Metallurgical Corp. P-1 


Measuring Equipment. A new 80- 
page catalog (GEC-1016) summarizes 
testing and measuring equipment for 
laboratory and production line use. 
A ready reference to the apparatus 
available, it contains more than 150 
photographs and diagrams, and 
describes the uses, features, and prices of 
130 testing and measuring equipments. 
General Electrie Co. P-2 


WENNER Porentiometers. The de- 
sign and construction features of high- 
precision Wenner Potentiometers are 
described in a newly-revised, 16-page 
catalog, EH22(2). Leeds & Northrup 
Co. P-3 


Fivuorescent Bauiast. New publi- 
cations on fluorescent lamp ballasts 
include a 20-page, three-color booklet 
(GEA-5731), which explains in non- 
technical language how a fluorescent 
lamp works and the part the ballast 
plays in its operation. Illustrated with 
cartoons and diagrams. Also, a four-page 
brochure (GEA-5672) describes the 
system of “sound-rating”’ ballasts, which 
are classified according to the amount 
of natural hum they emit. General 
Electric Co. 


Warer Conpitrioner. Bulletin de- 
scribing water conditioning equipment 
for boiler feed, process, and other 
industrial needs. Penfield Manufactur- 
ing Co. P-5 


Frurer. Absolute air filter, originally 
developed for the Atomic Energy Com- 
mission and now available for com- 
mercial and industrial users, is described 
in a new specification sheet and illus- 
trated folder. Cambridge Corp. P-6 


Syncuroscore. New model designed 
for applications requiring a triggered 
sweep. Complete description and_ il- 
lustrations given in 4-page bulletin. 
Browning Laboratories, Inc. P-7 


To receive further in{ormation 
on any product or process listed 
here send inquiry, with key num. 
ber, to JOURNAL of The Electro. 
chemical Society, 235 West 102nd 
Street, New York 25, N. Y. 


Please print your name and ad. 
dress plainly. 


pH Inpicator. Well-illustrated 
chure gives characteristics and per. 
formance of new line-operated 
Indicator and Vacuum Tube Voltmete; 
Leeds & Northrup Co. PS 


OSCILLOSYNCHROSCOPES. Two ney 
models featuring a sweep system which 
may be operated in either triggered o; 
recurrent fashion with direct reading 
panel calibrations of sweep  spee 
Described in 4-page illustrated booklet 
Browning Laboratories, Inc. P§ 


VotraGe Reeuiator. Data sheets 
and detailed information on a ney 
model AC Line Voltage  regulato 
maintaining 0.01% accuracy. Said to 
be an absolute first in its field, it is o/ 
particular interest to those requiring 
high accuracy in varying condition 
Sorensen & Company, Ine. P-10 


EMPLOYMENT 
SITUATIONS 


Please address replies to box shown, 
The Electrochemical Society, In 
235 West 102nd Street, New York 2 
N. Y. 

Position Wanted 


PuysicAL AND  ELEcTROCHEMIS 
Ph.D., 15 years’ research and industna 
experience in electrodeposition of mets’ 
and metal finishing, excellent edu 
tional background, thorough knowleds 
of all electroplating and electroformin 
processes, desires suitable position 
Reply to Box 347. 


Position Available 


ELecrrocuemist, Batrertes. A 
jor Eastern producer of dry cell bat 
teries has an attractive opening in the 
research and development of prima! 
batteries. An advanced degree is p" 
ferred. State age, education, experience 
and salary desired. Reply to Box A-» 
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_ The Electrochemical Society 


Address all correspondence to the Editor, 
NSTRUCTIONS TO AUTHORS OF PAPERS JouRNAL or THe Etecrrocuemican Soct- 


ery, 235 W. 102nd St., New York 25, N. Y. 


Manuscripts submitted for publication should be in triplicate to expedite re- 
view. They should be typewritten, double-spaced, with 23-4 cm (1-14 in.) margins. 

Title should be brief, followed by the author’s name and his business or uni- 
versity connection. 

Abstract of about 100 words should state the scope of the paper and give a 
brief summary of results. 


Drawings will be reduced to column width, 8 em (3} in.), and after reduction 
should have lettering at least 0.15 em (;/5 in.) high. Original drawings in India ink 
on tracing cloth or white paper are preferred. Curves may be drawn on coordinate 
paper only if the paper is ruled in blue. All lettering must be of lettering-guide 
quality. See sample drawing on reverse page. 

Photographs must be glossy prints and mounted flat. 

Captions for all figures must be included on a separate sheet. Captions and 
figure numbers should not appear in the body of the figure. 

General—Figures should be used only when necessary. Omit drawings or pho- 
tographs of familiar equipment. Figures from other publications are to be used 
only when the publication is not readily available, and should always be accom- 
panied with written permission for reprinting. 


Literature and patent references should be listed at the end of the paper on a 
separate sheet, in the order in which they are cited. They should be given in the 
style adopted by Chemical Abstracts. For example: 

Freas, Trans. Electrochem. Soc., 40, 109 (1921). 
H. T. 8. Britton, “Hydrogen Ions,” Vol. 1, p. 309, D. Van Nostrand Co., New 
York (1943). 
H. F. Weiss (To Wood Conversion Co.), U. 8. Pat. 1,695,445, Dee. 18, 1928. 


Metric units should be used throughout but, where desirable, English units 
may be given in parentheses. 

Corrosion rates in the metric system should preferably be expressed as milli- 
grams per square decimeter per day (mdd), and in the English system as inches 
penetration per year (ipy). 

As regards algebraic signs of potentials, the standard electrode potential for 
Zn — Zn*+ + 2e is negative; for Cu — Cut* + 2e, positive. 
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Abbreviations should conform with the American Standards Asso 


iation’s lig 
of ‘Abbreviations for Scientific and Engineering Terms.” 


Authors should be as brief as is consistent with clarity, and must omit all mg 
terial which can be regarded as familiar to specialists in the particular field. 

The use of proprietary names, trade-marks, and trade names should be avoid 
if possible. If used, these should be capitalized so that the owner’s legal rights ay 
not jeopardized. 
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More Electrodeposition Research 


Or» THE Golden Anniversary of The Electrochemical Society, it 
is a source of considerable gratification to those who are engaged in electrodeposition 
to look back on fifty years of remarkable progress in their chosen field. As members of 
The Electrochemical Society they can derive an additional measure of satisfaction 
from the knowledge that their Society has made many notable contributions to prog- 
ress in electrodeposition. Many writers have observed that although activities in 
electroplating were instituted about one hundred years ago, it has only been during 
the past fifty years that the techniques in this field have progressed from an empirical 
art to a scientifically controlled process. The haphazard methods and unpredictable 
results of earlier decades have been supplanted by physical and chemical controls 
which lead to the production of deposits that meet widely-adopted specifications. 
Although The Electrochemical Society, composed as it is of those who are interested 
primarily in fundamental knowledge, has not participated in the formulation of indus- 
trial specifications, the contributions which its members have made to the science of 
electroplating have assisted greatly in making it possible for practitioners to produce 
deposits which meet specifications. 

It is true, also, that there have appeared on the pages of the Society’s publications 
a great many papers and discussions which have contained the original and basic in- 
formation upon which many of the modern electroplating processes depend. When, in 
1940, the Eleetrodeposition Division undertook the preparation and publication of 
“Modern Electroplating,” it made a contribution whose importance can be judged by 
the extensive sale which the volume has enjoyed. 

Although the occasion of an anniversary is properly a time for the summarization of 
accomplishments, it should serve equally well as a time for assessment of failures and 
a survey of what should be done in the future. In this connection we cannot help 
but regret the lack of progress in studies on the actual process of electrodeposition. It 
is true that we have learned a great deal about how to control the electroplating op- 
eration, but we have accomplished all of this very largely in an empirical manner. 
Nothing has been based upon deductions stemming from a comprehensive theory of the 
plating process itself. As a matter of fact, when one tries to describe how an ion is 


(Continued on next page) 
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Editorial (continued) 


transferred from the plating bath to the lattice structure of the cathode one can speak 
only in the most general terms—terms which in no way give a clear picture of what is 
actually happening. It is evident to anyone who is curious as to the exact nature of 
the electrodeposition process that an immense amount of work remains to be done 
in this field. Such work will be valuable in directions other than the mere satisfaction 
of scientific curiosity. It is becoming increasingly apparent that significant progress in 
practical plating is now developiug at a slower rate than a few years ago. It would 
appear that the time of progress based upon empirical experimentation is rapidly 
coming to a close, and that further significant advances can be made only when the 
fundamentals of the plating processes are more completely understood than at present. 

There is no reason why the future of electroplating should not be brighter than its 
past. There are ever increasing uses for plated metals as protective and decorative 
coatings, and there appears to be every indication that allied fields such as electro- 
forming, electrowinning, and electrorefining will enjoy increasing applications. Perhaps 
at least one of these fields should be examined a little closer. Although electroforming 
has enjoyed extensive use in the fields of electrotyping and the manufacture of phono- 
graph records it is only in the last few years that applications of this technique have 
extensively invaded other fields of manufacture. Perhaps one of the reasons why elec- 
troforming has not been extensively used is the lack of fundamental information on the 
nature of the process and the properties of the deposited metal. Metals which have 
been electroplated for protective and decorative purposes have been evaluated largely 
on the basis of enly two criteria, appearance and corrosion resistance. Electroformed 
metals which arc to be used for structural and engineering purposes must not only 
meet many additional criteria of a physical and mechanical nature, but it is also 
necessary that these properties be consistently produced. The latter is an extremely 
important point and it is surely true that a thorough understanding of the fundamental 
nature of the plating process should assist greatly in designing processes which will 
consistently yield metal having the desired physical and mechanical properties. 

The members of The Electrochemical Society include many investigators who are 
capable of significant attacks upon the many unsolved problems of electrodeposition. 
Let us hope that they will accept the challenge of the future in a manner commensurate 
with their accomplishments of the past. —Haroutp J. Reap 
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FIFTY YEARS OF ELECTRODEPOSITION 
William Blum* 


Introduction 


In certain respects it is almost as difficult to summarize 
he past as to predict the future. The former task requires 
ot only some knowledge of what has happened in a specific 
ell of science or industry, but also the ability to decide 
hich developments are most significant. Such a selection 
hav involve predictions, because it usually takes years for 
new discovery or invention to find extensive applications, 
;om which its importance may be evaluated. Hence, an 
jstorian must in some degree also be a prophet. 

In the following effort to summarize the progress made in 
he last fifty years in the electrodeposition of metals, no effort 
ill be made to discuss details or to give literature refer- 
ces. Instead, the purpose will be to present a “bird’s-eye 
iew” of eleetrodeposition in 1902 and in 1952. I hope that 
here will not be too much astigmatism in the eye of the 
‘bird’! | was engaged in studies on electroanalysis as a 
tudent at the University of Pennsylvania in 1902 when I 
tended the first meeting of The Electrochemical Society. 
lence, my scientific career is practically coincident with that 
the Society. 


General Principles 


In the long run, the progress in any field of science or in- 
justry may best be gaged by the advancement in fundamental 
nowledge in that field, even though it is entirely possible 
or an industry to develop and expand for a limited period 
pon an entirely empirical basis. The large number of papers 
uiblished since 1902 on such fundamentals of electrodepo- 
ition as polarization, overvoltage, addition agents, and the 
tress, structure, composition, and properties of electrode- 
“sits is ample evidence that these subjects have not been 
eglected. In spite of these researches, however, it may be 
ulely stated that there is today no theory of the mechanism 
i electrodeposition that will even approximately explain 
isting knowledge, much less permit predictions of the be- 
ivior of new or untried systems. The great advances that 
uve been made in eleetrodeposition are therefore largely 
mpirieal, 

Obstacles to progress in this direction are (a) the present 
ap in our knowledge of the constitution of the strong solu- 
ions commonly used in electrodeposition in spite of the 
lebve-Hiickel theory and its modifications, and (b) the lack 
' persons with both sufficient knowledge of the physical 
hemistry of solutions and sufficient interest in electrodepo- 
ition to bridge the gap between science and this industry. 
At The Electrochemical Society meeting twenty-five years 
Ago, an excellent summation of the knowledge of solutions 
yas made by P. Debye, V. K. LaMer, T. J. Webb, G. Seatch- 
il, and H. 8. Harned, under the chairmanship of H. 8. 


"National Bureau of Standar’s, Washington, D. C. (Re- 
ired on December 31, 1951). 
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Taylor. We need more such symposia, and also more persons 
to interpret and use the information in studies on electro- 
deposition. 

I hope that the above remarks will not be considered as a 
criticism of the many persons who have devoted their efforts 
to increasing our basic knowledge of electrolysis. On the 
contrary, it is an appreciation of the value of their efforts 
that leads me to appeal for more interest in, support of, and 
utilization of fundamental studies on electrodeposition. Un- 
fortunately the present justifiable emphasis on practical re- 
sults that may be used immediately by industry or the de- 
fense agencies frequently precludes those basic studies that 
may ultimately prove more productive. It is to be hoped 
that through such agencies as the National Science Foun- 
dation greater support can be given to basic research. 


Electroanalysis 


One of the phases of electrodeposition to which most chem- 
istry students are exposed is electroanalysis, upon which 
many papers were published by E. F. Smith and A. Classen 
before 1902. Since that time relatively few new electrolytic 
determinations or separations have been published. H. J. S. 
Sand early proposed the use of a controlled potential for 
separating metals, a procedure that was applied in recent 
years for the separation of uranium from other metals. A 
modification, known as “internal electrolysis,” in which a 
desired potential is maintained by using a soluble anode of 
a more base metal such as zine or magnesium, has found 
limited application. 

Electrolytic determinations of copper, nickel (+ cobalt), 
and zine have been used extensively in works control, but 
other metals are not generally so determined, usually because 
of interfering elements. 


Electrowinning 


The electrowinning of zine, by extraction of the ores and 
electrolysis of the solution with insoluble anodes, was studied 
during the latter part of the nineteenth century, but did not 
come into large-scale operation until the period from 1915 to 
1925. Since then its use has expanded rapidly, so that in 1948 
about 40 per cent of the U.S. production of zine was electro- 
lytic. The principal factor in this rapid development was the 
realization that zine can be deposited with high efficiency 
from strongly acid baths if all metallic impurities are scrupu- 
lously removed. The Tainton process, used for the produc- 
tion of “Bethanized” steel wire, is an example of the 
electrowinning of zine to yield in one operation plated pro- 
tective coatings. 


Electrorefining 


Over 80 per cent of the copper produced in the U.S. is 
refined electrolytically. The methods, solutions, and equip- 
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ment used are essentially the same as those employed before 
1900, with only those minor but important changes that 
depend on increase in knowledge and experience, and on the 
improvement of electrical generators and equipment. 

Electrolytic lead refining was developed by Betts in the 
first quarter of this century and was used successfully in 
British Columbia. So far as can be learned, it has been ap- 
plied commercially in the U.S. in only one plant, the U.S. 
Lead Refining Company of East Chicago. 

Electrolytic refining of nickel in Canada has been devel- 
oped during the past fifty years, and in 1948 it accounted for 
more than 90 per cent of the total nickel output of that 
country. This method permits recovery of the platinum 
metals. Somewhat less than 1 per cent of the total nickel 
used in the U.S.A. is recovered from electrolytic copper re- 
fining plants. 

The present unsettled international situation, with the re- 
sulting shortages of metals such as nickel, tin, and copper, 
makes it impossible to predict developments in the electro- 
lytic production of these metals. The fact that electrowinning 
may be applied to low-grade ores, and that electrorefining 
fosters the recovery of byproduct metals, may well increase 
the use of these electrolytic processes. 


Electroplating 


In 1927 G. B. Hogaboom concluded his paper on ““Twenty- 
five Years of Electroplating” with the prediction that “At 
the Golden Jubilee of this Society the work of the past 
twenty-five years will seem like that of a Lilliputian.” In 
spite of the real and far reaching advances in electroplating 
there has been no “revolution” in that industry. Probably 
the most significant, and certainly the most visible, change 
in electroplating has been the application of chromium for 
decorative plating. In 1927 this was just coming into use; 
today practically all plated metal parts on automobiles, elec- 
tric appliances, and household utensils have a final thin layer 
of chromium to resist tarnish. 

Another significant development is the widespread use of 
“bright” nickel plating, which eliminates most of the buffing 
and saves nickel. In spite of the success in achieving this 
objective, it must be admitted that most of the addition 
agents and brighteners are selected empirically. Far more 
research is required to establish the functions of specific 
groups in organic compounds now added to nickel or other 
plating baths. 

More significant is the improvement in the quality of 
plated coatings. In 1902 there was little control of the plating 
operations and coating thickness. Consequently the quality 
was erratic. The advent and rapid growth of the automobile 
industry since 1900 soon led to a demand for plated coatings 
of uniformly high quality. To define the requirements ex- 
tensive exposure tests of plated coatings were conducted 
through the cooperation of the American Electroplaters’ So- 
ciety, the American Society for Testing Materials, and the 
National Bureau of Standards. On the basis of these and 
other observations, numerous “type” specifications were pro- 
mulgated, which are still in the process of improvement and 
refinement. 

Because these studies and experience showed the impor- 
tance of the thickness of the coatings, especially the mini- 
mum thickness, rapid, reliable methods for measuring the 
local thickness were developed, including the dropping test, 
jet, and magnetic methods. 

Efforts to develop quantitative inspection tests for adhe- 
sion were less successful. The “nodule” method of Brenner 
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is ingenious and may be adapted to routine insy. tipy, The 
Ollard and Jacquet methods require specially pre) Spec 
mens and are hence not applicable for inspection. 

Because many applications of electroplating aiid electy, 
forming depend on the physical properties of the deposits 
these have been critically studied. It is not yet fully appre 
ciated, especially by design engineers, that it is jssibje }, 
electrodeposition to produce deposits of the same ietal wit) 
a wide range of physical properties. Recent studies on pice 
deposits, conducted at the National Bureau of Standards jy 
cooperation with the American Electroplaters’ Society, jy 
clude values for a wide diversity of properties, and their » 
lation to the composition and structure of the deposits gy 
the conditions of deposition. 

Another advance is in the realization that the properties , 
electrodeposits may depend on the presence of smal! amount: 
of impurities such as hydrogen, oxygen, sulfur, chlorine, an 
carbon. Far more study is required to define the sours 
form, and location of these inclusions. 

There has not been a great change in the types of plating 
baths. Those for bright nickel, referred to above, are usual) 
modifications of the Watts bath. The chromic acid hath cop 
taining sulfate is still in general use, in some cases with 4) 
excess of a sparingly soluble compound, which serves to main 
tain the content of sulfate or other “catalyst.” Cyanide baths 
are still extensively used for copper, silver, gold, zine, ai 
cadmium, with at most minor changes in composition. 

The scarcity of tin in World War II (and at present) pro 
moted a great expansion of electrolytic tin plate, which cay 
be applied much thinner, e.g., 0.00003 in. (0.5 Ib per bas 
box) than can the hot dipped tin, which is usually 0.00009 t 
0.00012 in. thick (1.5 to 2 lb per base box). Both acid an 
alkaline tin solutions are used, the former including a creso 
sulfonate bath and a chloride-fluoride bath; and the latte 
sodium or potassium stannate baths. Fluoborate solution: 
long used for tin and lead, have been adapted to a limite! 
extent for copper and nickel deposition. Pyrophosphate solv 
tions of copper and zine have found limited applications. 

Deposition of the platinum metals has received conside 
able study. Of these rhodium has found the most application 
first on large searchlight reflectors, that have now been ren 
dered nearly obsolete by radar, and more recently on ele 
trical contacts. 

Alloy deposition has received far more study than applies 
tion. Brass plating is very extensively used, e.g., on hari 
ware, and is still conducted on an essentially empirical bas 
Lead-tin alloy deposits have been used to some extent, espe 
cially as a means of conserving tin in substitutes for terme 
plate. Gold alloy deposits are used to produce “coloret 
gold, such as green gold, rose gold, etc. Tin-zine alloys a0! 
tin-nickel alloys have been developed too recently in bug 
land to permit their extensive application. Numerous pape= 
have appeared on the deposition from aqueous solutions «! 
alloys of tungsten or molybdenum with iron, nickel, or coba!t 
but neither pure tungsten nor molybdenum has been pr 
duced from aqueous baths. 

Before any alloy deposit warrants industrial applicatio® 
it is necessary to show by experiment not simply that «! 
alloy of the two metals can be produced but also that it lw 
properties that are sufficiently different from those attainab 
with a single metal that the extra trouble of alloy deposit 
is warranted. Alloy deposition should receive far miore “ 
haustive study, but it is not justifiable to assume that it! 
panacea for all the ills of normal plating. 

All available evidence indicates that it is not possible 
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jeposit from aqueous solutions the borderline elements such 
5 molybdenum and tungsten (alloys of which can be de- 
osited), or those more negative metals such as beryllium, 
juminum, titanium, and zirconium. During recent years 
bere has been a greatly increased interest in the possibility 
{ depositing any of these metals in a pure form, with good 
jpvsical properties. If this can be accomplished, there will 
» numerous applications in industrial and defense equip- 
ent. Hence, research on this subject is now being conducted 
+ a number of laboratories, including studies with fused 
its and with organic solutions. While, so far as known, the 
als have not yet been reached, it is practically certain that 
the present intensive program will lead to the successful de- 
ysition of one or more of the unusual metals. I therefore 
venture the prediction that within the next twenty-five years 
ectrodeposition of some of these metals from nonaqueous 
dia will be commercially practiced, at least for special ap- 
ications. 


Electroforming 


In 1924, the author coined the term electroforming to 
over the production or reproduction of articles by electro- 
leposition. Of course such processes were in common use 
long before then; in fact, certain of the earliest applications 
{ electrodeposition were in the reproduction of coins and 
nedals. 

By far the widest application of electroforming is in electro- 
yping, Le., the reproduction of printing plates. This dates 
ack to about 1839 when Jacobi, Spencer, and Jordan each 
reported their electrolytic reproduction of designs. By 1900 
he electrotyping industry was well established, and copper 
snd nickel solutions, similar to those now used, were gen- 
rally employed. In the first quarter of this century the 
advances were principally in better knowledge and control 
{the baths and operations, cogether with improvements in 
nechanical equipment. 

During the past decade a veritable revolution in electro- 
yping has been brought about by the substitution of plastic 
for the wax or lead molds previously used, and the substitu- 
tion of chemically-reduced silver instead of graphite to render 
he surface conducting. As a consequence the plant and equip- 
ment, formerly covered with graphite dust, can be kept as 
lean and attractive as a drawing room. 

Other applications of electroforming have been less con- 
tant and consistent. The production of thin sheet copper is 
uccessful, but the electroforming of tubes of copper or iron 
fas not proved economical. Special shapes such as musical 
nstruments, Pitot tubes, fountain pen caps, and certain mili- 
ary devices have been successfully electroformed. In the last 
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decade there has been a renaissance of electroforming, and 
the industry is no longer a “will-o-the-wisp,” as the author 
once called it. 

It is hard to state in general terms the optimum fields for 
electroforming. It is not generally useful for producing a 
single article, as the expense for the mandrel and the neces- 
sity for trial runs may cost more than making the article by 
hand. Conversely, it is usually not efficient for making very 
large numbers of an article, e.g., millions of pieces, for which 
the high cost of stamping dies and presses can be readily 
absorbed. Purely as an illustration, electroforming should be 
considered for making from 10 to 10,000 reproductions, when 
high precision is required. Certainly the future of this field 
looks brighter than it did 50 years ago. 


Future Progress 


The very significant progress in various fields of electro- 
deposition during the past 50 years may be largely attributed 
to the activities of The Electrochemical Society, started in 
1902, and the American Electroplaters’ Society, founded in 
1913. In England the Faraday Society (1903) and the Elec- 
trodepositors’ Technical Society (1926) have served similar 
functions. The greatest value of these organizations probably 
lies, not in their publications, but in the promotion of the 
association of persons of different but related interests. Their 
committee activities have stimulated advances that could be 
made only by concerted effort. 

The question may well be asked, “Why have an Electro- 
chemical and an Electroplaters’ Society?”’ The fact that their 
interests are complementary and not competitive may be 
shown by the large list of persons with membership in each 
organization. The most obvious distinction, viz., that The 
Electrochemical Society deals with principles and generalities 
and the Electroplaters’ Society with plating practice, is no 
longer as sharp as formerly, because the electroplating in- 
dustry is becoming more scientific, and the AES is conducting 
and supporting much fundamental research. 

Nevertheless there is a distinction which should be em- 
phasized and not obliterated. The Electrochemical Society 
may well organize meetings and symposia devoted largely 
to those fundamentals of electrochemistry that apply to all 
its branches, without emphasis on specific applications in 
industry. The Electroplaters’ Society, in addition to pub- 
lishing the advances in the art and science of electrodeposi- 
tion, should strive more to interpret and apply the newest 
developments in physical and electrochemistry. With a sound 
coordination of the activities of these two organizations we 
may well look for greater progress in electrodeposition in the 
next 50 years than in the past. 
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The Electrodeposition Division of The Electrochemical 
Society was organized in 1922 to “advance the theory and 
practice of Electrodeposition.”’ Long before the formal organ- 
ization of the Division, however, the Society’s meetings were 
making their contribution to these aims, by the presentation 
of papers and the holding of discussions concerning that 
broad field of electrochemistry which is embraced by the 
term Electrodeposition: the plating, refining, and winning of 
metals, and their analytical determination by electrochemical 
means. From the first convention of the Society on, this 
branch received a prominent share of attention. 

The Electrochemical Society held its first meeting in April 
1902, a year which also marked the appearance of the first 
volume of the Transactions of the Faraday Society. The im- 
portance of the emergent science of electrochemistry is em- 
phasized by the inauguration one year later of two technical 
journals: Electrochemical Industry (now, after many changes 
of title, Chemical Engineering) and Metal Industry (now 
Metal Finishing). The American Electroplaters’ Society had 
not yet been formed, but the idea for a national association 
of electroplaters was beginning to germinate in the minds of 
the leaders of the industry. 

At early meetings of the Society, electrorefining and elec- 
trowinning figured more prominently than electroplating 
among the papers of general electrodeposition interest. Over 
the years the emphasis has shifted, reflecting the increasing 
attention which has been paid to plating by a growing 
number of qualified scientists who have naturally chosen the 
publications of The Electrochemical Society as the vehicle 
for their contributions; while at the same time practices in 
the field of refining and winning of metals have become 
somewhat stabilized so that there tends to be less new work 
to report. 


Electrodeposition’s Part in the Society 


A brief survey of the Transactions will serve to emphasize 
the part that electrodeposition has played in the affairs of 
the Society, and conversely to indicate the contribution that 
the Society has made to the art and science of electrodepo- 
sition. A detailed review would reveal that the outstanding 
leaders in the field have been regular contributors to the 
symposia and discussions. 

In Volume I we note three papers: ‘“The Electrical Reduc- 
tion of Lead,” “The Electrolytic Refining of Composite 
Metals,” and “A Method of Electrolytic Production of Zinc 
from its Ores.”’ Volume III reports ‘Notes on Modern Elec- 
trolytic Copper Refining,” “Notes on the Composition of 
Electroplating Solutions,” and “Notes on the Electrodepo- 
sition of Zine.” At the fourth meeting of the Society, W. D. 
Bancroft read a paper on “Electrolytic Copper Refining,” of 
which it was said in discussion that “This paper is of interest, 
for it gives the views of a college professor on a practical 
process that was developed solely along practical lines.”’ Vol- 
ume V contains Addicks on “The Economic Balance in 
Electrolytic Copper Refining” and Burgess and Hambuechen 
on “Electrolytic Iron.” 

It is not the intent here to list all papers of electrodeposi- 
tion interest which have appeared in the Transactions of 
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the Society; such a listing would serve no apparent PUTpose 
and would doubtless make rather boring reading. Enoyg 
has already been said to prove the point that the Sociey, 
from its inception, paid due regard to this field, and it wil 
suffice to note some of the high spots as they appear in the 
TRANSACTIONS for succeeding years. 


Bancroft’s Axioms 


In Volume VI (1904) appeared the historically interesting 
paper by Patten on the deposition of aluminum from ethy) 
bromide solutions, and one paper by Bancroft which elicited 
much discussion, “The Chemistry of Electroplating.” The 
author introduced his subject by remarking that “a glance 
at the recent textbooks on electrochemistry will show hoy 
far we still are from any consistent theory of electroplating 
The reason for this is to be found in our neglect of the chen 
istry involved.”” The paper was summarized by its author jy 
a series of conclusions which came to be known as Bancroft’s 
axioms of electroplating: 

“1. A bad deposit is always due to the precipitation with 
the metal of some salt or nonmetal. 

“2. Addition to the solution of anything which will dis 
solve this salt or nonmetal will tend to prevent its precipi 
tation and to improve the quality of the deposit. 

“3. Any beneficial action of a reducing agent is proba); 
due to the removal from the solution of dissolved oxygen. 

“4. A fine-grained deposit is favored by high current den 
sity and potential difference, by acidity and alkalinity, | 
low temperature, and by colloids. 

“5. Solutions containing oxidizing agents appear to yield 
small crystals while larger crystals are obtained from solu- 
tions containing reducing agents. 

“6. The adherence of deposits rests on the adhesion of the 
two metals.” 

The value of the paper was not unanimously admitted 
One discusser said, “Professor Bancroft’s paper, in ™) 
opinion, does not bring us any nearer a solution of the in 
portant question raised.”” But the chairman, Dr. Burges 
thought that “We ought to be thankful for a paper of thi 
sort.... The eiectroplating industry is perhaps the oldest 
industrial application of our electrochemistry, but electro- 
chemistry, at the present time, is in a most unsatisfactor 
condition as regards its literature.” 

Almost as valuable as the formal papers themselves, ! 
these early meetings of the Society, were the discussions, the 
printed transcripts of which continue to provide interesting 
reading up to the present time even when the controversie: 
involved have long since been resolved. Discussers wet 
frank, often brutally so, and few holds were barred; and it 
cannot fail to fascinate the younger readers of today to wt 
ness, by proxy, the verbal battles between scientists who 
names have in the intervening years become elevated tos 
position of high honor. Even while recognizing the inevit 
bility of the development, we may regret the necessities 
which have caused the discussions at present-day meetils 
to appear tame and uninteresting by comparison. 

Volume VII, of 1905, contains the historical paper by 
Carveth and Curry on Chromium and the Electrolysis " 
Chromic Acid. In Volume IX (1906) we firid a paper by Dr 
Isaac Adams, “the father of the nickel-plating indust!, 
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hich tells the story of the early development of his process The Electrodeposition of Lead—F. C. Mathers 

nd whiel: precipitated a controversy concerning allocation The Electrodeposition of Tin—E. F. Kern 

r prope! -redit for it; Burgess and Watts contributed a The Electrodeposition of Copper—C. W. Bennett 

paper on the Microscopie Study of Electrodeposits; Curry . The Electrodeposition of Brass and Bronze—C. W. Ben- 
“ the Electrolytic Precipitation of Bronzes; and LeBlanc nett 

on Electrolytic Chromium. The last-named was highly con- Discussion on the Electrodeposition of Metals 

yoversial, the work of Carveth and his coworkers being The Proceedings note that “the members of the American 
narticularly criticized, President Bancroft, in the chair, re- Electroplaters’ Society were invited to attend the Sympo- 
searked that “The real solution from which to deposit chro- sium and take part in the discussion, and a number of their 
: nium is not chrome alum nor chromium sulfate, it is chromic members were present.” The Proceedings also reveal that 
rin the seid.” “On motion of Dr. W. D. Bancroft the following members 
; The electrometallurgy of zinc was the subject of several were appointed a committee to co-operate with a similar 
papers in succeeding volumes. In Volume XV, E. F. Kern committee of the American Electroplaters’ Society in pre- 
jiscusses the Function of Addition Agents in Electrolytes; paring a report on the whole subject of electroplating: W. D. 
Tucker and Thomssen report the Deposition of Aluminum Bancroft, Chas. H. Proctor, and Geo. B. Hogaboom, with 
rom Aqueous Solutions; and Patten and Mott write on the power to add to their number.” Later the following were 
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pep Electrodeposition of Some Metals from Acetone Solution. were added to this committee: C. W. Bennett, F. C. Frary, 
The Volume XVII (1910) contains Mathers’ paper on the Elec- F. A. Lidbury, and F C. Mathers. 

J ~~ trodeposition of Lead from Perchlorate Solutions. This symposium on the science of electroplating was of 
lOW how 


great historical significance for several reasons. So far as the 
present author is aware, it was the first attempt to apply 
systematic academic effort to the art of the plater; it marked 


»plating 
1 chem Closer Relations with Electroplaters 


uthor in A paper which stirred up a great deal of discussion was G. the first step in a long and fruitful series of co-operative 
ancroft’s HJ, Hogaboom’s, in Volume XIX, on Some Unsolved Problems programs on the part of the scientific and the technical men 
oa » Electroplating. Mr. Hogaboom’s paper was the harbinger interested in electrodeposition; and furthermore, this volume 
ton with Mi of a long period of friendly competition coupled with co- of the TRANSACTIONS remains of considerable importance for 
— peration between The Electrochemical Society and the bibliographic purposes: there is no better starting point for 
will dis Electroplaters’ Society, and as such it is worth quoting as an searching the old literature on electroplating. Mr. Charles H. 
Precipl: HM indication of the need which existed, and still exists, for un- Proctor, in opening the discussion of the symposium, said: 
lerstanding and co-operation between the practical plater “As one of your individual members and a representative 
robably HMM snd the scientist. “There has existed for such a long time a of the American Electroplaters’ Society, I can assure you it 
gen. eparation of the practical plater and the electrochemist that gives me great pleasure to meet with you in this your first 
ent dea _. it is hoped that the practical end of electroplating, as Symposium on electroplating. I believe this will be a red 


nity, by IM represented by the National Electroplaters’ Association*, and letter day in the history of the electrodeposition of metals, 


the scientific end as represented by this Society, will be because from this day hence we can rely upon the electro- 
brought into a closer relation. As is well known, electro- chemist to participate with us in bringing the art to a higher 
plating was the beginning of the science of electrochemistry, level, and a day when men of theory can join hands with the 
but it has lingered by the wayside and been neglected as a practical man who has toiled for years and, with dogged 
science, and today the unsolved problems are many. indifference to his surroundings, has brought the art of elec- 
“Electroplating has been looked upon more as a trade troplating to its present standard in the commercial world.”’ 
than a seience, and it is only during recent years that much In reading the discussions which followed the presentation 
study has been given to it by scientists, and that attention of the individual papers, the modern reader is once more 
has been directed more to the electrolytic refining of metals struck by the vitality and frankness evidenced. There can 
than to the deposition of metal for decorative purposes. The be little doubt that Mr. Hogaboom was right when he said, 
solutions published by Roseleur in 1854 have been improved in discussion, “This day marks an epoch in the history of 
upon but little, and those who have published treatises upon electroplating in this country.” 
the subject often give only a repetition of his formulas. Nickel Volume XXVI (1914) was once more almost entirely de- 
plating, as invented by Dr. I. Adams, is probably the only voted: to electrodeposition. In the Proceedings of Volume 
exception. XXVII we read that “the report of the Committee on Co- 
“The field is broad, but its development has been left to operation with the American Electroplaters’ Society, com- 
the practical man, guided only by ‘rule of the thumb.’ An municated by Chairman Bancroft, was received and the 
tlectrochemist in the plating room of a factory is so rare that Committee continued. It reads as follows: ‘F. C. Mathers 
it probably can be said without fear of contradiction that has studied the behavior of many nickel baths and silver 
they can be counted on the fingers of one’s hands. The need baths but is not yet ready to report. In the nickel baths he 
today is mutual assistance in solving these problems and finds that the effect of boric acid is specific and is not due to 
developing new ideas.” its being a weak acid. F. C. Frary has measured single po- 
That this plea for mutual understanding and co-operation tentials and is not ready to report.’ ” 
lid not go unheeded is evidenced by Volume XXIII of the 
Transactions (1913), which can in a sense be called the Technical Committees Formed 
tirst edition of “Modern Electroplating.” Here is a partial 
table of contents of this volume: 
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C. F. Burgess; Silver—C. H. Aldrich; Gold—W. H. Peirce; 
Miscellaneous—A. G. Betts. The Committee on Electro- 
Plating (which had not yet lost its hyphen) consisted of F. 
C. Frary, chairman; E. F. Weston and G. B. Hogaboom. 
And one afternoon session of the meeting was a joint meet- 
ing with the American Electroplaters’ Society. 

At the twenty-ninth meeting, Hogaboom presented a sec- 
ond paper on unsolved problems of the electroplater; Mathers, 
Stuart, and Sturdevant, as the Committee already men- 
tioned, gave their report on Nickel Plating, and O. P. Watts 
contributed a paper on Rapid Nickel Plating. There were 
other papers of electrodeposition interest; the pattern of at 
least one meeting a year largely devoted to electrodeposition 
was beginning to be set. 

The number of papers on electrodeposition begins to in- 
crease markedly during this period, and it is obviously im- 
practical to try to note even a fraction of them. The first 
World War created a great demand for more knowledge of 
the electrodeposition process, which was reflected in the 
number of contribgtions published. G. B. Hogaboom became 
chairman of the Technical Committee on Electroplating in 
1917, succeeding F. C. Frary. In 1918 Blum presented a 
paper on “Military Applications of Electroplating” in which 
it is stated that “At the present time, the principal applica- 
tions of plating upon military supplies are zinc, black nickel, 
and lead. A considerable amount of copper and nickel plat- 
ing, and some tin plating, is still required, though in general 
these methods are being largely superseded by zine plating.”’ 
In 1919 Blum contributed an important paper on “Factors 
Governing the Structure of Electrodeposited Metals,” and 
with co-workers also reported on Lead Plating from Fluo- 
borate Solutions. In 1920 appeared Sargent’s report on Elee- 
trolytic Chromium, in which it was shown that “very good 
deposits of chromium were obtained from chromic acid solu- 
tions containing small amounts of chromic sulfate.... The 
chromium plating is extremely resistant to corrosion by air, 
moisture, and many chemicals.” 


The Division and Its Purpose 


This period in our history of Electrodeposition and the 
Society came to an end in 1921; for in Volume 40 we read that 
the Board of Directors have authorized the formation of an 
Electrodeposition Division; its first officers were reported in 
Volume 41 as G. B. Hogaboom, chairman; Chas. 8. Witherell, 
vice-chairman, and William Blum, secretary-treasurer. Di- 
rectors (an office since discontinued) were L. Addicks, F. C. 
Mathers, FE. F. Kern, and O. P. Watts. The by-laws of the 
Division, promulgated in January 1922, read in part: 

“This Division is organized to advance the theory and 
practice of Electrodeposition. To this end, through meetings 
and papers, it will especially aim to stimulate discussion of 
the various technical phases of the subject, including: 

“1. Eleetrodeposition of metals, alloys, and metal oxides. 

“2. Applications of electrodeposition in electroplating, elec- 

trotyping, electrorefining, and electroanalysis. 

“3. Properties directly related to electrolysis, such as con- 

ductivity, polarization, and electrode potentials. 

“4. Methods of analysis developed especially with refer- 

ence to electrodeposition. 

5. The structure and properties of anodes and of electro- 
deposited metals. 

“6. The design and operation of equipment for electrode- 

position.” 
Remaining provisions of the by-laws had to do with officers 
and their duties, etc., and since they have a standard form 
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they need not be quoted here. These by-laws have j.. 
amended several times, most recently on June 2), 1959. — 
declaration of purpose has evolved until it now rads: 

“Article II: Purpose: To encourage educatio:). training 
research, and publication in the fields of electropiating, ¢,, 
troforming, electrorefining, and electrowinning nd ty 
operate with other sections of The Electrochemival So¢j 
in the extension of scientific knowledge in the field of elect, 
chemistry.” 


“Modern Electroplating” 


After the formation of the Division, papers on electro 
position subjects became more and more numerous, and » 
attempt will be made to list any of them. Well-integraiy 
symposia on electrodeposition were scheduled every {o 
years, with miscellaneous papers of all grades of importane 
and merit appearing in nearly every volume. In 1924 (V, 
45) was held the symposium on Recent Progress in Electp 
deposition; and every volume up to 78 (for 1940) reports ; 
symposium on electrodeposition containing usually up to te: 
or twelve papers. The majority of these papers are on elect 
plating, but the subjects of refining and winning are po 
neglected. Of particular note is the long and important serie 
of papers in Volume 59. The first volume to lack a symposium 
on electrodeposition is Volume 79, for 1941, but this wy 
merely the calm before the deluge, for Volume 80, of cours 
contains the symposium on ‘‘Modern Electroplating,” whic 
represented the most ambitious attempt at gathering an int 
grated and definitive series of papers which the Division, « 
possibly the Society, had yet attempted. Recognized experts 
in their respective fields contributed authoritative reviews 
of the best practice in electrodepositing all of the comme: 
cially important plating metals. This symposium, reprinte 
as the book “Modern Electroplating” and published by thy 
Society, became a best-seller in its field, and is still, ten yeas 
later, one of the two or three standard texts for the electr- 
depositor. 

At about the same time the Division adopted the polic 
of confining its sessions to one a year, and with a few mine 
exceptions this practice has persisted: papers of electrodey 
sition interest are now scheduled where possible at fall meet 
ings only, and they will be found in even-numbered volume 
of the Transactions from 80 to 96. After Volume % th 
publication policy of the Society was changed; with the issu 
ance of the monthly JourNat the concentration of published 
papers into one volume is no longer possible. However, ! 
remains true that oral presentation at meetings is confine! 
in general to the fall, or even-numbered, meetings. 

In addition to the regular annual sessions, two recent sy 
posia are worthy of note: Modern Trends in Electroplating 
Volume 82, and Strip Steel and Wire Plating, Volume 

The major activity of the Electrodeposition Division «| 
this writing is the preparation of a Second Edition of “Modem 
Electroplating.” Under the editorship of Dr. Allen G. Gra 
an editorial advisory board and a distinguished panel of con 
tributing authors have undertaken to revise and bring \ 
to date this valuable book, and it is hoped that the Secon! 
Edition, which will be the first in the series of Electrochem 
ical Society Monographs, will be a worthy successor to the 
original. In most instances the original authors have under 
taken to revise their own chapters; in some cases new autho’ 
have been found. New chapters have been added reiflectitt 
the widening horizons of electroplating. 

In winding up this short survey of the Society’s contribt 
tion to the field of Electrodeposition, and more particulat' 
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the activi(ies of the Electrodeposition Division, it may be 
approprio to seek the answers to two questions: Is The 
Electrocl nical Society truly important to progress in this 
éeld, and las the Eleetrodeposition Division fulfilled a gen- 
vine function in the affairs of the Society? 

The answer to the first question should be obvious. The 
hort survey of papers which the Society has published should 
convince snyone that the Society’s Transactions have been 
the preferred medium for the publications of the leaders in 
the field, and that many of the most important advances in 
electroplating and allied arts have been first announced at 
ts conventions. This is not to deny the importance of such 
organizations as the American Electroplaters’ Society; there 
. room in a field as large as this for two organizations, which 
though they overlap do not coincide in their interests. The 
pleas of some of the founders of the Electroplaters’, like 
Proctor and Hogaboom, for better co-operation between the 
electrochemist and the practical plater, have been answered 
to a large extent by the existence side by side of the two 


ganizations with some duplication of membership and ac-_ 


tivities. It is only through progress in the fundamentals that 
major advances in practice will result, and The Electrochem- 
cal Society, representing those whose interests lie along fun- 
jamental lines, will renadin of great significance to progress 
n Eleetre «leposition. 

The Electrodeposition Division has justified itself in the 
iflairs of the Society by arranging symposia which have at- 
tracted the interest of workers in the field and have in many 
cases convinced them of the desirability of membership in 
the Society. The Division remains the largest single group in 
the Society, and it may be said that Electrodeposition, in all 
ts branches, is the backbone of the organization. In point of 
we, the Division is second, being outdone only by the Elee- 
trothermie Division. 

There can be little doubt that the finest monument, so far, 
to the efforts of the Division as such is the 1941 volume on 
‘Modern Electroplating,’ which has brought credit, and 
cash, to the Society and has served the needs of a generation 
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of electrochemists and practical platers for definitive, reli- 
able knowledge about plating processes. It is hoped that the 
forthcoming Second Edition will outshine even this achieve- 
ment; and this might be an appropriate place to remark that 
few organizations, scientific or otherwise, could have com- 
manded the unselfish and entirely unpaid devotion of so 
many outstanding experts, both editors and contributors, as 
have given of their time and talents in these enterprises. 
These books, and others sponsored by other Divisions, re- 
flect the fact that, in some subtle way, The Electrochemical 
Society evokes in its members an esprit de corps which gives 
us confidence in its future. 


CHAIRMEN OF THE ELECTRODEPOSITION DIVISION 


G. B. Hogaboom 1922 
Skowronski 1923 
O. P. Watts 1924 
Skowronski 1925 
F. R. Pyne 1926 
EK. M. Baker 1927 
Duncan MacRae 1928 
Charles L. Mantell 1929 
A. K. Graham 1930 
Hiram 8. Lukens 1931 
Charles H. Eldridge 1932-34 
W. W. MeCord 1935-36 
M. Baker 1937-38 
Gustaf Soderberg 1939 
R. O. Hull 1940-41 
Harold J. Read 1941-42 
Charles L. Faust 1942-43 
M. M. Thompson 1944 
Frederick A. Lowenheim 1944-46 
ki. H. Lyons, Jr. 1946 
Allen G. Gray 1947 
H. B. Linford 1948 
R. A. Schaefer 1949-50 
R. A. Woofter 1950-51 
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GOLDEN ANNIVERSARY MEETING 
Society Returns to Its Birthplace for 1952 Spring Convention 


On April 3, 1902, a small group of 
ientists met at the Manufacturers 
lub in Philadelphia to organize the 
Eleetrochemical Society. 
‘ow, fifty years later, although the 
fanufacturers Club no longer stands 
t Broad & Chestnut Streets and only 
ine of the original founders are still 
ving, The Electrochemical Society, 
yorid-wide in seope with members in 
»me forty countries, returns home to 
ts birthplace to celebrate its Golden 
Anniversary at the Spring Meeting, 
lay 4 to 8, 1952. 

For more than a year the Convention 
‘ommittee of the Philadelphia Section, 
Binder the chairmanship of Past Presi- 
lent Hiram 8. Lukens, has been work- 
ng on arrangements for this meeting. 
onvention headquarters will be in the 
Benjamin Franklin Hotel, at 9th and 
hestnut Streets, where all technical 
and entertainment features 
vill be held. As has been demonstrated 
in previous meetings of the Society, the 
wilities of the hotel are admirably 
vlapted to the requirements of an 
Jectrochemieal Society convention. 
oom reservations should be made 
lirectly with the hotel management. 
The tentative program calls for com- 
mittee meetings and the opening of 
registration on Sunday, May 4th. Two 
echnical and a round-table 
useussion will be held concurrently on 
both the mornings and afternoons of 
May Sth, 6th, 7th and 8th. On Monday 
vening, May 5th, there will be a round- 
able discussion on the teaching of elec- 
trochemistry. The annual banquet will 
he held on Tuesday evening, May 6th, 
at which President Ralph M. Hunter 
will deliver the Presidential Address, 
h number of the Society prizes will be 
twarded, and Past President Lawrence 
\ddicks, one of the founding members, 
mill review briefly the early years of the 
tganiza tion. 


sessions 


Technical Sessions 


The technical program will, of course, 
be a very important part of the meet- 
ing. Included will be sessions on Electric 
Insulation, Electrothermics, Instrumen- 
tation, Luminescence, Methods of Ap- 
plying Phosphors, Rare Metals, and 
Theoretical Electrochemistry. In addi- 
tion to these a number of round-table 
discussions of unusual interest are being 
planned. The exact schedule for all of 
these meetings will appear in a subse- 
quent issue of the JouRNAL. 


Luncheons and Plant Trips 


Division luncheons will be held on 
May 5th and 7th, with a General 
iancheon on May 6th, to which the 
ladies are invited. 

Trips are being arranged to several 
of the local plants which will be of 
interest to electrochemists. The com- 
plete schedule for these will be pub- 
lished in the March issue. 


Entertainment 


A program of entertainment is being 
arranged which will give everyone an 
opportunity of renewing old friendships 
and of making new ones. Following the 
annual banquet on Tuesday evening, 
it is planned to hold a songfest, which 
will give the members a chance to 
demonstrate the versatility of their 
talents. On Wednesday evening, follow- 
ing a buffet supper, a unique entertain- 
ment has been planned. Full details 
cannot be announced at this time until 
the tentative program has been cleared 
with the F. B. L., the Treasury Depart- 
ment, the National Security Adminis- 
tration, and the Kefauver Committee. 


Ladies’ Program 

With such a full schedule of technical 
sessions, it is important that the ladies 
attending the convention are not left 
to twiddle their thumbs while the men- 
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folk are advancing the frontiers of 
science. With this in mind, the Ladies’ 
Committee, under the chairmanship 
of Mrs. Russell P. Heuer, is preparing 
a well-rounded program for the feminine 
portion of the convention. Starting with 
a “Get-together Kaffee-Klatsch” on 
Monday morning, there will be trips to 
points of interest in old and new Phil- 
adelphia, to shopping and art centers, 
and a card party on Monday evening. 
On Wednesday, following a luncheon 
at one of the suburban country clubs, 
it is planned to visit the famous Bryn 
Athyn Cathedral and one or more of the 
outstanding private gardens in the 
vicinity. The Philadelphia suburbs are 
at their best during May and it is hoped 
that there will be a large attendance of 
ladies at the Spring Meeting to enjoy 
them. 


Convention Committees 


The Convention Committee is com- 
posed of the following members: 

General Chairman, Hiram 8. Lukens, 
University of Pennsylvania, Philadel- 
phia 4; Hotel Reservations, Russell P. 
Heuer, General Refractories Co., 1520 
Locust St., Philadelphia 2; Meeting 
Accomodations, Henry C. Miller, Penn- 
sylvania Salt Mfg. Co., Wyndmoor, 
Pa.; Registration, Edgar L. Eckfeldt, 
Leeds & Northrup Co., 4901 Stenton 
Ave., Philadelphia 44; Finance, Ernest 
G. Enck, Foote Mineral Co., 18 W. 
Chelten Ave., Philadelphia 44; Enter- 
tainment, Harry A. Alsentzer, University 
of Pennsylvania, Philadelphia 4; Plant 


Visits, Milton P. Barba, Leeds & 
Northrup Co., 4901 Stenton Ave., 


Philadelphia 44; Publicity, Albert A. 
Ware, Ware Bros. Company, 317 N. 
Broad St., Philadelphia 7. Ex-officio 
members include the officers of the 
Philadelphia Section: John F. Gall, 
Chairman, Pennsylvania Salt Mfg. Co.; 
J. F. Hazel, Vice-Chairman, University 
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of Pennsylvania; George F. Temple, 
Treasurer, Foote Mineral Co.; and 
Past Chairmen R. H. Cherry, Leeds & 
Northrup Co., and Arthur Osol, Phil- 
adelphia College of Pharmacy & Science. 


Ladies’ Committee 


Mrs. Russell P. Heuer is chairman 
of the Ladies’ Committee, and will be 
assisted by Mrs. Harry A. Alsentzer, 
Mrs. Milton P. Barba, Mrs. Edgar L. 
Eekfeldt, Mrs. Ernest G. Enck, Mrs. 
John F. Gall, Mrs. J. F. Hazel, Mrs. 
Hiram 8S. Lukens, Mrs. Henry C. 
Miller, and Mrs. George F. Temple. 


Air Reduction Becomes 
Sustaining Member 


The Society has the pleasure of wel- 
coming the Air Reduction Company, 
Incorporated, 60 East 42nd Street, New 
York, New York, as a new sustaining 
member. This corporation is engaged 
in the production and sale of oxygen, 
acetylene, and the necessary apparatus 
and accessories for the oxyacetylene 
processes; also electric are-welding ap- 
paratus and equipment; hydrogen, nitro- 
gen, and rare gases; calcium carbide and 
acetylene for chemical uses; anesthetic 
and therapeutic gases, hospital and 
surgical equipment; and liquid and solid 
carbon dioxide. 

Nearly 8,000 employees in more than 
400 plants, warehouses, and sales offices, 
strategically located throughout the 
United States, serve almost every major 
industry through Airco’s eleven operat- 
ing divisions. This sales-service organ- 


ization, together with four research and 
development laboratories, has been a 
leader in its field for many years. 

Heading Air Reduction Company is 
President J. A. Hill. Dr. G. V. Slottman 
is director of research and engineering, 
and Dr. L. I. Gilbertson is administra- 
tive manager in charge of the Murray 
Hill Research Laboratories. 


Dr. Frary Retires as 
Alcoa Research Director 


Dr. Francis C. Frary, one of the 
nation’s distinguished chemists and 
metallurgists, retired as Director of 
Research for Aluminum Company of 
America on January 1, 1952. 

Dr. Frary was the founder of or- 
ganized research in the aluminum in- 
dustry. Joining Alcoa in December, 
1918, he organized Aluminum Research 
Laboratories at New Kensington, Penn- 
sylvania, and under his leadership it 
became one of the world’s foremost in- 
dustrial metallurgical research institu- 
tions. Among its notable achievements 
were the development of most of the 
modern aluminum-base alloys, the pro- 
duction of very pure (99.99%) alum- 
inum by electrolytic refining, and the 
production of pure alumina—aluminum 
oxide—by electrothermal processes. 

In his long career Dr. Frary lists 
many brilliant achievements and he has 
been the recipient of notable honors. 
Included in the latter are the Acheson 
Gold Medal and Prize, the Perkin 
Medal, the Gold Medal of the Atmerican 
Society for Metals, and the James 
Douglas Metallurgical Medal. 

Dr. Frary is a past president of The 
Electrochemical Society and has been 
a member since 1907. He also holds 
membership in the leading metallurgical 
and chemical societies. 


Electrochemical Society 
Prize Essay Contest 


The second annual Prize Essay Con- 
test sponsored by The Electrochemical 
Society has been announced. The sub- 
ject selected is “The Electrochemical 
Nature of Corrosion” and two prizes 
will be awarded for the two best essays 
submitted. The first prize will be $100 
plus a one-year membership in the 
Society; second prize will be $50, to- 
gether with a one-year Society member- 
ship. The contest is open to under- 
graduate and graduate students. Essays, 
from 1000 to 2000 words, must be re- 
ceived at the Society offices by July 1, 
1952. Winners will be announced in the 
October 1952 issue of the JouRNAL. 
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Financial support for these prize ; 
obtained from royalties received frp 
the sale of the “Corrosion Handbook 
a valuable technical volume sponsor 
by the Society and published by Ji, 
Wiley & Sons, Inc., in 1948. 

Additional information concerning the 
awards may be obtained by writing , 
the Secretary of The Electrochemjc, 
Society, 235 West 102nd Street, No, 
York 25, New York. 


Graham, Crowley 
Enlarges Facilities 


The Research and Development |) 
oratories of Graham, Crowley & | 
sociates, Inc., Chicago, have recent); 
undergone a second enlargement with; 
a year in order to improve and extey 
the electrochemical research  facilitie 
of the company. 

The Chicago Division is largely 
voted to research in the field of primar 
batteries, secondary batteries, the ele 
trolytic recovery of rare metals, ay 
electro-organic processes. It is unde 
the supervision of Dr. C. A. Crowley, 
Research Director, and Dr. W. \ 
Langdon, Associate Director of Re 
search. 

The Jenkintown, Pennsylvania, 
sion of the company, which is engage! 
in electroplating, metal finishing, an 
electrometallurgy, will undergo a staf 
enlargement at an early date. 

Recent additions to the Chicag 
staff include: Abraham Krieg, Masanobu 
C. Miyaji, F. D. Ortscheid, Samuel \ 
Block, and Thomas N. Hall. 


OWS 


Westinghouse Talent 
Search—and Fellowships 


The eleventh annual Westinghous 
Science Talent Search began on Decew 
ber 10th as 15,000 science-minded, hig! 
school seniors took a three-hour scientt 
aptitude test. Of this number, 40 w! 
be chosen to compete in the Sear: 
finals in Washington, D. C., on Februar 
28th, and 260 more will be chosen {vi 
honorable mention. 

The candidate adjudged the mot 
promising young scientist in the natio! 
will be awarded a four-year $2.) 
Westinghouse Grand Science Scholsi 
ship. Runners-up will receive schola! 
ships ranging from $100 to $2,000; th 
260 honorable mentions will be recom 
mended for scholarships to college 
and universities. 

The Search, open to all seniors 1 
secondary schools in the U. 8., is com 
ducted by Science Clubs of Americ 
through Science Service; it is sponsore’ 


3 
Th 
hia 


lary 1959 


> Prizes jy 
frog 
indbook. 
SPOnsored 


by Joh 


ering the 
WTiting { 
ochemies 
eet, Ney 


vent Lab 
& As 
recent}; 
nt withiy 
1d exten 
facilities 


rgely de 
f primar 
the ele 
tals, and 
is under 
Crowley, 


W. 


Diy 
engage 
‘ing, and 
O a staff 


Chicag 
Lasanobu 
umue! \ 


OWS 


hips 


inghous 
Decen 
led, hig! 
r science 
, 
» Searc! 
Februar 
1osen 


he most 
e nation 
r 
Scholar 
scholar 
O00; the 
recor 
colleges 


iors 
, 1s con 
America 


yonsored 


99, No. 


v the \\ estinghouse Educational 
oundatior, which is maintained by 
Westinghouse Electric Corporation. 

* * * 


From 20 to 40 fellowships—each 
slued at $250—will be awarded to 
segndary school science teachers who 
‘ill participate in a special six-week 
ummer program at Carnegie Institute 
Technology. The 1952 fellowships 
i have been made available by the 
Vestinghouse Educational Foundation. 
The program extends from June 30th 
» August Sth. A $50 tuition fee will be 
harged for the course and the balance 
‘ the $250 can be applied to living 
xpenses. Application forms and further 
formation may be obtained from the 
Director of Admissions, Carnegie Insti- 
ute of Technology, Pittsburgh 13, Pa. 


New Aluminum Coloring 
nd Derusting Processes 


Two new processes of unusual interest 
have recently been developed by En- 
thone, Ine., New Haven, Connecticut. 

One of these is a chemical process 
that in one operation provides for the 
protection and coloring of aluminum 
n such colors as yellow, blue, green, 
gold, brass, and other shades. 

The procedure developed for coloring 


consists of cleaning the aluminum part 


and immersing it in a solution of Alumox 
H salts. Dyes ean be added to the 
processing solution so that coating and 
dyeing oecur simultaneously. Coloring 
is accomplished in from 15 seconds to 
2 minutes. 

Objects that have been successfully 
olored by the new process include 
iuminum hardware, jewelry, slide fast- 
eners, buttons, automobile trim, goblets, 
picture frames, electrical fittings, lamps, 
ete, 

The second development, recently an- 
nounced, is a new alkaline derusting 
process for steel, cast iron, malleable 
iron, and other iron alloys. It is said to 
he unique in that no acid is required in 
the procedure, with the attendant ad- 
vantages of elimination of subsequent 
rusting, no attack on base metal, and 
speed of operation. High carbon steels 
can be rapidly derusted without any 
trace of tarnish or attack. Because of its 
ilkaline nature, the process cleans and 
derusts at the same time in a matter of 
i few seconds to several minutes. The 
operation of the bath is simple and de- 
rusting can be accomplished on board 
‘hip, near battlefields, or in oil well 
listriets 

The simplicity and speed of the proe- 
*s are expeeted to make it valuable in 
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saving large amounts of military ma- 
terial and industrial equipment. 

Dr. Walter R. Meyer, president of 
Enthone, Inc., is the inventor of the 
two processes. 


SECTION NEWS 


Pacific Northwest Section 


The Northwest Section held the first 
meeting of this season on November 
26, 1951, at Bagly Hall, University 
of Washington, Seattle, Wash. This 
was a joint meeting with the Puget 
Sound Section of the American Chem- 
ical Society, arranged to hear Dr. K. 8. 
Spiegler of Harvard University speak 
on the subject “The Electrochemistry 
of Ion Exchange Resins.” Dr. Spiegler 
discussed electrochemical phenomena 
associated with anion and cation ex- 
change resins, and their similarities and 
differences to the usual electrolytes. 

The Electrochemical Society mem- 
bers met for dinner before the talk 
and again afterward to hold a short 
business meeting. The discussion at this 
time included the problem of conduct- 
ing meetings of a local section encom- 
passing a large geographical area. In 
addition, the following officers were re- 
elected for the year 1952: 

Chairman—G. L. Putnam 

Vice-Chairman—Glenn Ware 

Secretary-Treasurer—Joseph B. Heit- 


man 

Mr. Errol H. Karr was appointed 
chairman of the membership com- 
mittee. 


Mr. F. F. Bradford of the Industrial 
Electroplating Works of Seattle will 
speak at the next meeting of the Sec- 
tion, to be held in February, on the 


subject of “Industrial Electroplating.”’, 


Exact date and place to be announced. 
Josepx B. Herrman, Secretary-Treasurer 


Pittsburgh Section 


The Pittsburgh Section held a meet- 
ing on November 28th at the Mellon 
Institute. Mr. J. M. Guthrie, Chairman 
of the local section, outlined briefly the 
program for the year 1951-52 and then 
introduced the guest speaker for the 
evening, Dr. J. V. Petrocelli, Director 
of Research, Patent Button Company, 
Waterbury, Connecticut, who spoke on 
the subject ‘Mixed Potentials and the 
Polarization Characteristics of Alu- 
minum in Redox Systems.” 

Dr. Petrocelli gave a description of 
studies made of the reactivity of pure 
aluminum with cerium* sulfate in 
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sulfuric acid, and also with iron sulfate 
in solutions of varying acid strengths. 
Electrode potentials, weight loss data, 
and polarization curves were presented, 
and it was shown that the reaction may 
be interpreted from an electrochemical 
point of view. The theory of the “Mixed 
Potential” was suggested as a more gen- 
eralized concept than the local cell idea 
for the interpretation of the dissolution 
process. He gave a brief outline of the 
probable mechanism for the dissolution 
and passive behavior of aluminum. 

Dr. Petrocelli further discussed his 
studies of the polarization characteris- 
tics of the oxidation-reduction systems, 
iron sulfate, iron chloride, potassium 
ferrocyanide-ferricyanide, and cerium 
sulfate. He pointed out that the experi- 
mental data strongly indicated that the 
overvoltage included an activation over- 
voltage in addition to that due to con- 
centration polarization. He discussed 
the data briefly from the point of view 
of rate processes. 

The discussion that followed the 
lecture gave ample evidence of the 
interest of the members of the Pitts- 
burgh Section in the outstanding work 
described by Dr. Petrocelli. During 
these discussions, Dr. Petrocelli pointed 
out many new experimental possibilities 
of studying the mechanisms of electrode 
reactions. 

R. D. Witurams, Secretary-Treasurer 


San Francisco Section 


The first technical meeting of the 
1951-52 season was held at the St. 
Julien Restaurant, San Francisco, on 
December 6, 1951. The guest speaker 
of the evening was Mr. C. E. Harvey, 
Director of American Spectrographic 
Laboratories, San Francisco. His sub- 
ject was “Recent Developments in 
Instruments and Methods of Spectro- 
graphic Analysis.” 

Mr. Harvey began his talk with a 
discussion of the history of the develop- 
ment of the spectrograph, mentioning 
that, from the 1820's until the early 
1900’s, the instrument was very limited 
both in design and application. Since 
about 1930 the spectrographic field has 
expanded tremendously both in equip- 
ment design and in techniques. Using 
the instrument for quantitative analysis 
has been a recent trend of considerable 
importance. 

The analysis of samples for metal 
content was the first field in which the 
spectrograph was widely used. Later 
the detection of nonmetals and trace 
elements became quite common. 

The four essential parts of a spectro- 
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graphic analysis installation are the 
source unit or excitor, the dispersion 
unit or spectrograph, the recording 
medium, and measuring device. The 
recording medium is usually photo- 
graphic film and the measuring device 
most commonly used is the densitom- 
eter. A new development known as 
the quantometer combines the record- 
ing and measuring units and is direct- 
reading. It promises a higher accuracy, 
wi hin 0.5 per cent, compared to within 
2 per cent using photographic film and 
a densitometer. The limit of detection 
with a spectrograph is about 0.001 per 
cent on a 10 mg sample. 

The development of better spectro- 
graphic instruments has about reached 
a peak and the trend at present seems 
to be toward newer and wider applica- 
tions. New techniques have also been 
developed that eliminate most sampling 
errors, being especially helpful in the 
field of analysis of nonmetallic ma- 
terials. Mr. Harvey stated that the 
future of the field does not depend so 
much on the development of analytical 
equipment and techniques as it does on 
learning how to interpret ind correlate 
the analytical results that are obtained. 

A good portion of the meeting time 
was spent in a question and answer 
period in which there was a wide partici- 
pation of the members and guests. 

A business meeting of the Section 
was held on October 3, 1951, during 
which committees were appointed, pro- 
grams and speakers discussed, and 
various other items of business taken 
care of. 

R. F. Secretary-Treasurer 


PERSONALS 


C. P. Hackerr, formerly chief engi- 
neer at The Solvay Process Division, 
Allied Chemical & Dye Corporation, 
Syracuse, N. Y., has been advanced to 
the newly created technical post of 
Assistant Director of Development for 
the company. 


Bernarp A. Gruper has left Battelle 
Memorial Institute, Columbus, Ohio, 
to join the staff of Metal Hydrides Inc., 
Beverly, Mass. 


Evus H. Gares has resigned his 
position as Director of Research with 
Cerro de Paseo Corporation, La Oroya, 
Peru, and will return to the United 
States for permanent residence. 


B. K. R. Prasap, Electric Grid 
Offices, Government of Bombay, Bom- 
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bay, India, has been appointed as a 
member of the committee to formulate 
the course of studies in Electrochemical 
Technology at the Andhra University, 
Waltair. 


K. Rasacopa., Mettur Chemical and 
Industrial Corporation, Mettur Dam, 
has been made Engineering Super- 
intendent of that corporation. 


Ernest H. Wycue of Lukens Steel 
Company, Coatsville, Pa., is now affili- 
ated with Colgate-Palmolive-Peet Com- 
pany, Jersey City, N. J. 


H. Harotp Butkowsk1, Houdry 
Process Corporation, has been trans- 
ferred from Marcus Hook, Pa., to the 
company’s plant at Springfield, Pa. 


Howarp A. Acneson, president of 
Acheson Colloids Corporation, became 
a member of the company’s 25-year 
club at its annual meeting in Port 
Huron, Mich. Also as managing director 
of Acheson Colloids Limited, the Eng- 
lish subsidiary, Mr. Acheson was in- 
ducted into their newly organized 25- 
year club on his recent trip to England. 


JOHN B. EKELEY 


Dr. John B. Ekeley, renowned sci- 
entist and retired chemistry professor, 
died in Boulder, Colorado, on Novem- 
ber Sth. He was 81 years old. 

Dr. Ekeley was a resident of Boulder 
since 1902, when he came to the Uni- 
versity of Colorado and served as pro- 
fessor and head of the chemistry de- 
partment for 35 years. In addition to 
his scientific achievements he was well 
known for his many community activi- 
ties. 

Born in Sweden in 1869, Dr. Ekeley 
tame to America with his parents at an 
early age. He received the A.B. and 
M.A. degrees from Colgate University, 
and the Ph.D. degree from the Uni- 
versity of Freiburg in Germany. 

He had been a member of The Electro- 
chemical Society since 1913. 


NEW MEMBERS 


In December 1951 the following were 
elected to membership in The Electro- 
chemical Society: 


Active Members 


James G. ANGevINE, Ryder Scott Co., 
mailing add: 20 Melvin Ave., Brad- 
ford, Pa. (Corrosion and Electronics) 

Jean P. Brenet, Piles Wonder, mail- 


Bastt G. 


February 195 


ing add: 66 Rue Ponthie., 


Paris 

France (Battery, Corrosicn, 

tronics, and Theoretica! 
chemistry) 

O. Brim, Linde A), Produet 


Co., E. Park Drive & Woodward 
Tonawanda, N. ( Electrothermic) 

Von C. Camppent, Genera! Electri¢ 
Co., mailing add: 122 Hickok Aye 
Syracuse 6, N. Y. (Electronics) 

ApriaNn H. Daane, 250 Research Build 
ing, Institute for Atomic Research 
Iowa State College, Ames. 
(Electrothermic) 

esses, Inc., mailing add: P.O. R, 
634, Cincinnati, Ohio 
Electrodeposition, and 
Electrochemistry) 

ARNOLD I. FriepMAn, General Electr 
Co., mailing add: 2980 E. 132nd st. 
Cleveland 20, Ohio (Formerly ay 
associate member) (Electronics) 

Me L. FriepMAN, National Video 
Corp., mailing add: 5863 N. Glen 
wood Ave., Chicago, IIL. (Electronics 

C. L. Fuevuina, Harshaw Chemical 
Swanson & Jackson Sts., Philadelphia 
48, Pa. (Electrodeposition) 

Wituiam W. Huntock, Trilex Corp, 
Wayne, Michigan (Corrosion, Elec 
trodeposition, and Theoretical Elec 
trochemistry) 

Hunt, The Consolidated 
Mining & Smelting Co. of Canada, 
Ltd., Trail, B.C., Canada (Electro 
thermic) 

Joun A. KERALLA, 


(Corrosion 
Theoretics 


Electric Storage 


Battery Co., mailing add: 6463 
Ditman St., Philadelphia 36, Ps 
(Battery) 


Yuru E. Leseperr, Central Research 
Dept., American Smelting & Re 
fining Co., Barber, N. J. (Industrial 
Electrolytic) 

A. LinpperG, Naval Research 
Laboratory, mailing add: 5320 St! 
St., N. W., Apt. 105, Washington 1, 
D. C. (Corrosion, Electrodeposition, 
and Electrothermic) 

Josera A. Nevsaver, Columbia-South 
ern Chemical Corporation, mailing 
add: 4819 Old Boston Rd., Pittsburgh 
27, Pa. (Industrial Electrolytic) 
arvin W. RartHrevper, National 
Video Corp., mailing add: 309 5 
Grant St., Westmont, Ill. (Elec 
tronics) 

Henry A. Sauter, Battelle Memorial 
Institute, 505 King Avenue, Colum 
bus, Ohio (Electronics) 

J. Scuremer, The Cincinnat! 
Gas and Electrie Company, P.O 


Box 960, Cincinnati 1, Ohio (Corr- 
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Pari an A. SHAW, International Graphite are European here and elsewhere in acidity function (p. 342) was soon out- 
bi | ‘ Electrode Corp., mailing add: 9106 the book. The necessary equations are moded. 

0, Eley aia Ave., Niagara Falls, N. Y. developed clearly and logically; the Volume II (of about 500 pages) is to 
Blectrothermie) concept of chemical potential is intro- cover interfacial phenomena, irrevers- 

V),L1AM STERICKER, Philadelphia duced and used consistently throughout ible electrode processes, gases, experi- 


Eleetr 


= Quartz Co., Publie Ledger Bldg., later chapters. Equilibria and colliga- mental methods, and is to contain 
award Philadelphia 6, Pa. (Corrosion and tive properties are treated briefly in tables of physicochemical data, and 


hermie) 


Elect Electronics) this chapter. a section on problems. Its appearance 


A. Srevens, Dow Chemical Chapters III-V treat interparticle is awaited with interest. 


i. Company, mailing add: 1013 Rodd forces, solvation, ionization, and inter- Cecit V. Kine 
st. Midland, Mich. (Battery, Corro- ionic attraction theory. Chapters VI- 
R i sion and Theoretical Electrochem- IX cover conductance and electromotive 
esearch 


istry) force, with theoretical and practical GALVANIZING (Hor-D1p), third edition, 


stom nom W. Wurrney, National Lead applications; also, weak electrolytes and by Heinz Bablik. Published by John 


ab P ('o., mailing add: 252 First Ave., acid-base theory. Wiley & Sons, Inc., New York, 1950. 
0) " Raritan Township, Fords, N. J. This volume has many errors of 502 pages, $10.00. 


Corrosion and Industrial Electro- typography and proofreading, and a Heinz Bablik, lecturer in the Tech- 
few sections show evidence of hasty nical University of Vienna and manager 
writing. Confusing errors are found in of his own galvanizing works, is in an 
the value of K for acetic acid (p. 146), exceptionally advantageous position to 
‘aus K. Bersu, Electric Storage the treatment of Kg (pp. 160-1), equa- evaluate both the scientific and indus- 
Battery Co., mailing add: 1000 tion la (p. 228), equation 13b (p. 282), trial aspects of the galvanizing process. 
tosalie St., Philadelphia 24, Pa. the use of a* (p. 236), and the name This third English edition of his 1923 

Battery) mercurous oxide for HgO (pp. 293-4). publication, ‘‘Das Verzinken von Eisen,” 

oan W. Srevz, Sylvania Electric On page 161, TIC! is probably a poor is designed to keep his readers up to 
Products, Ine., Ottawa, Ohio (Elec- example (too soluble, incomplete ioniza- date on both these aspects. Acting on 
tronies and Theoretical Electrochem- tion). Clearly, Sérensen did not define the premise that “theory is the best 
istry) pH as suggested on page 283. The guide to practice,” Bablik presents a 
presence of free protons in solution detailed, well-balanced treatment of the 
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/ Student Associate Member (pp. 340-1) is questionable, as is the theories of the various steps of the gal- 
n lee. Lee J. Dronee, University of Cincin- —_ ion Ba(SO,4)o~ (p. 39). Use of p-nitran- vanizing process combined with current 


nati, mailing add: 1404 Old State iline as a standard for the Hammett industrial methods for applying them. 
Rd., Park Hills, Covington, Ken- 
olidated tucky (Electrodeposition) 
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BOOK REVIEWS 


Storage 


36, Py Volume I, by G. Kortiim and J. O’M. 


; 
Bockris. Published by Elsevier Press, 
tesearch Inc., Houston, Texas, 1951. xvi plus 4 hd Q Q 0 
& Re 351 pages, $7.00. “aa vo 


dustria! 


This Textbook, based on, but much eG ] ] ° 
more than, a translation of Kortiim’s electro-ana ysis 
esear) ehrbuch der Elektrochemie,” covers 
320 Sth Bite physical chemistry of electrolytic apparatus 


rton 11, 


wutions at about first year graduate 
position, 


evel. Each topic is presented in ele- New Methods Manual prepared at Battelle Memorial Insti- 


entary fashion and developed to the tute under Eberbach sponsorship is supplied with each appa- 
South wint where the student should be able ratus. This rugged unit is built for continuous duty. Built-in 
a to read current literature with apprecia- rectifier delivers 8 volts, 5 amperes DC to both spindles si- 
tsburgh 


tion. Emphasis is on basic principles; multaneously or 10 amperes DC for a single determination. 
there is much authentic information on Ammeter, voltmeter, polarity reversing switch and power 
“pies of modern interest, but no control knob are provided for each position. Case is stainless 


tie) 
‘ational 


(Elec we ‘a has been made at completeness steel and cast aluminum. Operates from 115 volt or 230 volt, 
60 cycle AC. Unit measures 143” by 163” by 294” high. Ask 
emorial for illustrated bulletin 130. 


i migration; it contains a useful sec- 
lion on electric fields and energy. Chapter 


introduces chemical thermodynamics INSTRUMENTS 
PO ith brief and classical presentation of 
concepts, Le., ‘Thermodynamics CORPORATION 
(Corr 
‘concerns the relation between heat and ARAN ARBOR. MICH. 
vork.” Nomenclature and conventions 
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The book opens with a discussion of 
scale formation on steel during rolling 
and annealing. The theory of scale re- 
moval, or pickling, is then considered, 
followed by industrial pickling practices. 
A short chapter on the chemistry of 
fluxes precedes ‘Galvanizing Theory” — 
the predominant section of the book. 
The final chapter deals with galvanizing 
practices and procedures for examining 
coated products. 

Completely reorganized and _re- 
written, the book is more limited in 
scope than the preceding edition, but 
much more detailed in treatment. Gal- 
vanizing methods other than hot-dip 
have been excluded. The material, not- 
withstanding the added detail, is pre- 
sented in a more readable form. An 
overall impression is that this edition 
has been anglicized structurally as well 
as linguistically. Charts and illustrations 
are largely new and their reproduction 
has been improved. The Table of Con- 
tents consists of a complete listing of 
paragraph headings together with their 
locations, facilitating reference to gen- 
eral subjects. However, when reference 
to specific topics is attempted it is not 
an adequate substitute for the index 
which was omitted. Some arbitrariness 
has been exercised regarding literature 
references. Past work occasionally is 
specified only by the name of the 
worker. The periodical information pre- 
sented appears parenthetically in the 
text, tending to disrupt continuity of 
thought. No bibliography is included. 

These criticisms apply to the utility 
of the book as a reference source and 
do not affect its chief attribute: com- 
plete and up-to-date coverage of the 
subject in detail by an authoritative 
writer. A valuable reference to all who 
are concerned with this type of metallic 
protection, it will be of special interest 
to those who like to see the theoretical 
picture integrated with the practical. 

W. W. Braptey 


MATHEMATICAL ENGINEERING ANALY- 
sis by Rufus Oldenburger. Published 
by the Macmillan Company, New 
York, 1950. xiv plus 426 pages, $6.00. 
This book is intended to serve as a 

text in courses on engineering analysis 

and industrial physies and as a reference 
work for applied scientists. It is divided 
into five parts entitled: I. Mechanics 
of Rigid Bodies, Il. Electricity and 

Magnetism, III. Heat, IV. Elasticity, 

V. Fluid Mechanics. Many applications 

of mathematical analysis to practical 

problems are given in the text, which is 
supplemented by numerous problems at 
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Philadelphia Historical Exhibit 


As a feature of the Fiftieth Anniversary Meeting in P hila- 
delphia, May 4-8, 1952, it is planned to have an exhilit of 
apparatus and industrial equipment used in the earlier days 
of electrochemistry. The committee in charge of arranging 
this exhibit invites the cooperation of members of the Soci- 
ety in providing exhibit material for use during the Phila- 
delphia meeting. Kindly address inquiries to the chairman 
of the committee: Arthur Osol, Philadelphia College of Phar- 
macy and Science, 43rd St. & Kingsessing Ave., Philadel- 


the end of each section. In most cases 
the emphasis is on the formulation of a 
physical situation in mathematical 
terms rather than the solution of 
problems. Only a knowledge of ele- 
mentary calculus, vector analysis, and 
Green’s and Stokes’ theorems is re- 
quired asa background. J. A. Lewis 


MEETINGS OF OTHER 
ORGANIZATIONS 


AMERICAN Society ror Testing Ma- 
TERIALS, spring meeting and com- 
mittee week, Hotel Statler, Cleve- 
land, Ohio, March 3-7. 

CuicaGo INTERNATIONAL TRADE Fatr, 
Navy Pier, Chicago, March 22- 
April 6. 

AMERICAN Society oF MECHANICAL 
ENGINEERS, spring meeting, Seattle, 
Wash., March 24-26. 


LITERATURE 
FROM INDUSTRY 


pH Inpicator CuHarr. A new pH 
Indicator Chart has been issued show- 
ing the hydrogen ion concentration 
ranges and color changes of Eastman 
Indicators; it also gives directions for 
preparation of the solution. Eastman 
Kodak Company. P-11 


Sorsir. A new bulletin on Sorbit has 
been released describing the specifica- 
tions, solubilization, and applications of 
this product. Tables»included. Alrose 
Chemical Co. P-12 


ELECTROPLATING Processes. Con- 
densed description of special electro- 
plating processes for cadmium, zinc, 


copper, nickel, and silver; technic 
manuals, illustrating and  deseribiy 
various processes in detailed {ory 
Hanson-Van Winkle-Munning 
pany. 


Giass EquipMENT. 16-page bookie 


illustrates and describes new glass 
paratus for the laboratory. Scienti 
Glass Apparatus Co. Ine. P 


Hear Excuancers. Well-illustrate 
bulletin on heat exchangers has bee 


issued, containing a series of charts and 


nomographs which greatly simplify t 
calculation of heat transfer requir 


ments. Corning Glass Works. P-1j 


To receive further information 


here send inquiry, with key num- 
ber, to JOURNAL of The Electro- 
chemical Society, 235 West 102nd 
Street, New York 25, N. Y. 


Please print your name and ad- 
dress plainly. 


on any product or process listed | 


| 


EMPLOYMENT 
SITUATION 


Please address replies to box show! 
% The Electrochemical Society, [1 
235 W. 102nd St., New York 25, \.! 


Position Wanted 


PuysicAL AND 
Ph.D., 15 years’ research and industi 


experience in electrodeposition of mets 
and metal finishing, excellent edu 


tional background, thorough knowleds 


of all electroplating and electroformint 


processes, desires suitable 


Reply to Box 347. 


sitio! 
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Editorial 


The Society and Electrothermics 


(b PROMOTE the attainment and dissemination of knowledge 
pertaining to high temperature processes involving heat derived from electrical 
energy” has been and is the objective of the Electrothermic Division. This simple 
statement is far-reaching in scope because it implies that the electrothermic 
field covers not only phenomena, materials, equipment, and measurements, which 
make high-temperature processes possible, but also the products from these 
processes. These products form the basis for many of our most important in- 
dustries. Also, new materials, derived from electrothermic processes, are being 
rapidly developed to meet the needs of new-born technologies such as jet engine 
propulsion and atomic energy. 

The electrothermic field has been of major interest to The Electrochemical 
Society since its founding fifty years ago. Not only were a large number of the 
350 charter members engaged in electrothermic endeavor, but the high propor- 
tion of papers on electrothermic subjects contained in the TRANsAcTIoNS down 
through the years is indicative of the importance of this field in the growth of 
our Society. 

As the Society celebrates its fiftieth anniversary this year, the Electrothermic 
Division is celebrating its thirtieth as a formalized unit. During the first twenty 
years of the Society’s history, specialized interests were assigned to “Technical 
Committees.’”’ By 1921 there were twenty-eight such committees and it had 
become evident that some consolidation was desirable. In that year the present 
organization by Divisions was inaugurated and the Electrothermic Division was 
among the first created in 1922. 

When the Division was formed it absorbed individual Technical Committees 

(Continued on next page) 
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EDITORIAL (continued) 


on “Electric Furnaces,” ‘Carbon Electrodes,’ ‘“Carbides, Abrasives, and Re- 
fractories,”’ “Ferro Alloys,” ‘“Electrometallurgy,”’ “Iron and Steel,’ “Copper 
Smelting,” “Zinc,” and parts of several others. These fields form the backbone 
of early activities of the Division and many of them are described in a special 
feature of this issue, “Fifty Years of Progress in Electrothermics.”’ In this special 
feature, articles have been written by prominent specialists, including one of the 
nine living charter members of the Society. 

The Electrothermic Division is flexible, seeking new scientific and technological 
areas which are not adequately covered, and at the same time avoiding un- 
necessary duplication of effort in fields that are satisfactorily covered by other 
groups. For example, because the field of electric furnace iron and steel is now 
well covered by AISI and AIME, the Electrothermic Division does not attempt 
to be very active in this field. On the other hand, the widespread interest in the 
new high temperature materials, and the tremendous potential for the production 
and use of these materials, has caused the Division to concentrate much of its 
recent efforts in this area. 

The Electrothermic Division has had a distinguished past, for it has brought 
before the Society some of the outstanding scientific and technical papers of each 
generation since its founding. It is alive to the important trends of the present, 
and it will continue in the future to act as the clearing house for electrothermic 
progress, which is having such a profound influence on our whole civilization. 


—C. H. CHAPPELL 
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FIFTY YEARS OF PROGRESS IN ELECTROTHERMICS 


Electric Furnace Silicon Carbide Production 
G. M. Butler* 


Silicon carbide, a senior 
ember of the family of 
emicals produced by elec- 
thermic processes, has 
en produced for over 
xty years by a furnacing 
chnique which is still 
nique in that family. This 
rocess is suitable only for 
e few compounds such as 
licon carbide which form 

t high temperatures in the 
apor phase without pass- 
w through a liquid condi- 
ion. Except that they are 
brger, the modern silicon 
irbide furnaces differ only 
| relatively minor details from the first furnaces put to- 
ether by Edward G. Acheson for the commercial production 
silicon carbide. A patent granted to Acheson as early as 
493 describes the essentials of the present furnaces. 

In going from his iron plumber’s bowl and vertical elec- 
nodes to a horizontal resistor furnace, and from clay to silica 
nd carbon, Acheson himself made the greatest change in the 
rocess. It is a testimonial to his genius that all the work 
hone since his day has not succeeded in changing the basic 
letails of the operation. Although it is one of the simplest of 
nodern electrical furnaces, the horizontal, trough-type fur- 
ace, with resistor buried in the material to be converted, is 
till the most efficient tool for producing this man-made 
brasive and refractory material. 

Fig. 1 and 2 show the early furnaces used when The Car- 
orundum Company was first organized. As the demand for 
he product increased, the furnace width and length was in- 
reased, as, of course, was the power input rate. 

Modern silicon carbide furnaces may be up to 60 feet long 

»y 10 or more feet wide and coniain 60 to 80 tons of charge. 
‘hey are batch furnaces, which must be loaded, fired for 
bbout a day and a half, and then cooled to permit unloading. 
At power input rates ranging up to 3000 kw, these furnaces 
ire no longer large in comparison with many other electro- 
hermic operations, but the industry still consumes lots of 
power, almost all of it hydroelectric. Each pound of silicon 
rarbide requires from 3 to 5 kwhr, and the annual production 
atisties shown in Fig. 3 reveal that nearly 70,000 tons have 
deen made in one year in the United States and Canada. 


Epwarp G. ACHESON 


Furnace Design and Operation 
Fig. 4, 5, 6, and 7 show views of a typical furnace as loaded; 
partly fired; with the ingot exposed ready for unloading; and 
during unloading of the ingot. 


"Manager, Research and Development, The Carborundum 
Vompany, Niagara Falls, New York. 


' The original furnaces were made of brick built up on a flat 
base. To reduce the labor of dismantling to remove the prod- 
uct, the sides were changed to a single layer of brick supported 
on a cast iron frame curved to follow roughly the shape of 
the ingot. 

The removable brick-lined racks forming the trough have 
been replaced in some companies by massive cast concrete 
parts, sometimes with the return leads through holes in the 
castings. The furnace heads, through which the electrodes 
extend, are sometimes made of reinforced concrete in one 
piece, except that the center portion is filled with a special 
refractory composition surrounding the electrodes. The num- 
ber of electrodes in each head may vary from three or four 
small ones down to one large one. The resistance core through 
the center of the charge may consist of loose graphite laid in 
a trough and tamped lightly in place, or it may consist of a 
small solid graphite rod running the length of the furnace 
and surrounded either by graphite or by the so-called firesand 
from the outer layers of the converted material. 

Practice for mixing the ingredients of the charge has been 
progressively improved, until now many plants have fully 
automatic weighing and mixing systems that almost eliminate 
human error and insure reproducibility. 

Techniques for loading and unloading also differ in various 
plants. Commonly the charge is delivered in hoppers carried 
by overhead cranes which discharge the mix in batches down 
into the furnace trough. The mix may, however, be delivered 
in belts which traverse the length of thé furnace. Various 
mechanical aids for unloading have been devised, although 
they all suffer from the hot nature of the product when the 
furnaces are unloaded before cooling sufficiently. The ingot 
is often broken up with a sort of skull crusher, into large 
lumps which can be removed with tongs. The graphite core 
must then be removed, usually by shoveling, to expose the 
lower half of the ingot. When this is removed, the material 
left in the bottom of the trough may either be removed for 
reworking or may be left in place and reused repeatedly as a 
base for the charge. 

In any silicon carbide plant, transformers are the key 
items. One transformer will serve from four to six furnaces. 
Only one of these is on the line at a time; the others are in 
the stages of being loaded, cooled, or unloaded. Thus, rather 
lengthy runs of interleaved copper bus-bar must extend from 
the transformer to the furnace units. 

The industry has profited by the electrical industry’s prog- 
ress in design of transformers and accessory equipment. In 
early installations, a water rheostat was often used to regulate 
the current flow and to provide means for breaking the circuit. 
This clumsy device was superseded by tap changing trans- 
formers, equipped with from 15 to 30 or more taps ranging 
from perhaps 350 volts down to about 160 volts, often with 
motorized devices for changing taps under load. They are 
commonly single phase, with three transformers constituting 
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a complete installation to permit operation on three-phase 
power. 


Efforts at Improvement 


Even though so little basic difference is evident between 
Dr. Acheson’s and modern silicon carbide furnaces, much 
effort has gone into study of modifications and new types of 
furnace, along many lines. 

One fertile field is that of carbon monoxide recovery. 
Every visitor to a silicon earbide furnace room is immediately 


Fig. 1. One of the first Acheson furnaces for producing sili- 
con carbide. 


Fic. 2. Electric silicon carbide furnaces (Scientific Ameri- 
can, 1894). 


struck by the large quantity of gas burning above the fur- 
nace. When he is told that 1.4 pounds of carbon monoxide 
are produced for every pound of silicon carbide formed, he 
immediately asks why this gas is not recovered. Schemes for 
such recovery have been numerous. Some have resulted only 
in disastrous explosions, but in at least one case a portion of 
the carbon monoxide has been successfully collected and used 
for purposes such as generating steam or heating water. The 
complications of furnace operation and construction, together 
with their intermittent cycles and the relatively low economic 
value of carbon monoxide as a fuel, have discouraged many 
experimenters. Only if it could be accumulated in a relatively 
concentrated and pure form for use as a chemical reagent 
would carbon monoxide collection be really attractive. This 
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would require furnaces radically different fron 
employed. 

Because so many other furnacing operations ¢-.:, he Made 
continuous or semicontinuous, means have sought 
produce silicon carbide in continuous fashion. |. rly patent 
literature is full of ingenious but impractical sche) es for this 
purpose. For the extremely high temperatures nee:\ed, carbon 
appears to be the only practical refractory. Every experi 
menter has rediscovered the unpleasant tendency of gilie 
carbide to grow wherever it can find carbon. Instead of fy. 
ing nicely through a vertical or horizontal furnace. therefore 


those how 


YEAR 

Fic. 3. Production of silicon carbide in United States an} 

Canada by years (Minerals Yearbook, U. 8. Bureau of Mines 


Fia. 4. Loaded silicon carbide furnaces before firing 


the silicon carbide, though it can be readily formed, soon 
grows on all parts of the furnace until it blocks it solid. While 
it seems highly probable that the difficulty standing in the 
way of continuous production of coarse abrasive type crystals 
can be solved by ingenious furnace design, such a develop- 
ment has not yet been announced by any manufacturer. Un- 
less it utilizes a resistor surrounded by mix, any such method 
is apt to suffer from lower yield per kilowatt-hour, even if tt 
reduces the labor cost. 

To save the power required to preheat the mix to temper 
atures attainable by fuel firing, furnaces have been designed 
in which a second chamber surrounds the furnace prope! 
Heat from fuel burned in this outer zone was supposed ‘0 
penetrate the charge and bring it up to an intermediate tet 
perature. No commercial use is known. 


Events within the Furnace 


Ever since Acheson’s first work, experimenters have bee! 
trying to learn what happens within the silicon carbide fur 
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ce, Some have tried to work on the commercial furnaces, 
bth probes, ‘hermocouples, spectroscopes, and gas samplers, 
hile others ave endeavored to set up laboratory devices to 
dy the process more conveniently. 


hose now 


be Made 
Ought 


ly pater fm These efforts have not, however, led to general agreement. 
28 for thi bis is not Surprising, considering the conditions involved, 
leads to doubt about several important details. 
y experi The sequence of events during heating of a furnace charge 
Of silicon fs been studied in laboratory furnaces and under the high 
d of flow. amgmperature microscope} and appears to be about as follows: 
therefon fag. Fusion of silica in the charge. 
‘HH Reduction of silica by carbon to form molten and 

yorized silicon metal and carbon monoxide. 

2 Reaction between silicon and carbon, or perhaps carbon 
oxide, to form silicon carbide of the finely crystalline 


bie or beta type. If carbon monoxide is the source of car- 
n, it is difficult to explain the mode of combination of oxy- 
n in the product. 


Fig. 5. Silicon carbide furnace near end of firing period 


4. On continued heating, the cubic crystals progressively 
appear and the well-known. hexagonal or alpha crystals of 
mmeree appear, probably through a gas phase reaction in- 
lving sublimation or dissociation and reforming. 

». The hexagonal crystals grow in streams of moving vapor 
hich carries silicon and carbon to their surfaces. Opinions 
ler as to whether the vapor may contain silicon carbide as 
h, in addition to silicon vapor and carbon monoxide. 

). At still higher temperatures, silicon carbide decomposes 
0 silicon vapor and carbon, left behind as pseudomorphic 


firing skeletal graphite retaining the form and appearance of the 
ginal silicon carbide. 
med, “o! Home of the impurities in the charge, especially aluminum 
Mid. While | alkalies, distill outwardly and condense in the cooler 
me © os is. Iron appears to stay in place unless a chloride-former 
pe — resent to permit formation and distillation of iron chloride. 
a develop: Hire overall reaction is quite strongly endothermic, although 
turer. Un- ue of the stages outlined may actually be slightly exother- 
ch metho! Hi. The exact values are still in disagreement. 
even if it 
Effect of Operating Variables 
to temper Mahanges in charge and operating conditions can markedly 
n designe: ier the nature of the product. The purest silicon carbide is 
ce on am Kluced only with very pure carbon and silica, usually with 
pposed to addition of a material such as sodium chloride to help in 
diate tem- atilizing some of the impurities. The crust and unreacted 
‘rom such runs cannot be reused if high purity product 
‘quired, since an appreciable condensation of impurities 
have beet ceurred in them. 
arbide fur- Developed in The Carborundum Company Laboratories. 
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Materials of lower purity result in a product which is 
either dark green or black. Small quantities of iron alone are 
believed to result in green colors. Black crystals are always 
formed when alumina in any significant quantity is present, 
although the color itself may be due to finely dispersed car- 
bon within the crystals. Since less than 0.2 per cent alumina 
can be dissolved in the crystal, the bulk of the alumina pres- 
ent, together with lime and magnesia, distill outwardly and 
condense in the firesand, crust, and unreacted mix. 


Fig. 6. Silicon carbide ingot after removal of unreacted mix 
and crust. 


Fig. 7. Chunks of crude silicon carbide being removed from 
furnace, with standard brick for size comparison. 


Usually the charge contains slightly more than the stoichi- 
ometric amount of carbon. When the carbon content is low, 
the product is apt to contain “white stuff,” which may ap- 
pear as masses of soft, finely cellular fibers. It may also con- 
tain free silicon. By overheating a silica-rich charge, dense 
silicon carbide is produced, quite unlike the usual loosely- 
joined crystalline masses. 

Variations in furnacing must also control the type of hexag- 
onal crystals which form. Over thirteen polymorphic but 
closely related types have been fully described, although one 
type predominates. Of considerable theoretical interest would 
be an exposition of the factors which influence the type of 
crystal in the charge. 


Uses 


The past fifty years have seen a greater change in the uses 
of silicon carbide than in its manufacture. Dr. Acheson first 
sold it as powder for gem cutting, and this was a major use 
for quite a period. Grinding wheels were made of it as early 
as 1892, and abrasive paper and cloth coated with it was be- 
ing used in 1897. Use as a metallurgical reducing agent is re- 
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ported prior to 1900, and refractories and nonslip products 
made from it appeared soon after the turn of the century. 
The nonabrasive uses of siligon carbide have arisen from 
discovery of its very interesting physical and chemical prop- 
erties. Besides being very hard, second only to diamond and 
boron carbide, this compound displays a strange combination 
of chemical inertness under some conditions and ready reac- 
tivity under others, plus good electrical and thermal conduc- 
tivity that make it a very interesting and versatile product. 
Its unique electrical properties have led to development of 
resistors and rectifying crystals for radio sets and to non- 
metallic heating elements which extend electric heating to 
temperatures unobtainable with metallic resistors. Its prop- 
erty of emitting light under passage of small currents led to 
efforts, quite unsuccessful, to make lamps from it. Its high 
efficiency of infrared radiation has resulted in therapeutic and 
heating applications. Lightning arrestors for power lines to 
pass high voltage surges, but break the current flow at normal 
voltages, represent a use of its special electrical characteristics. 
Its high temperature strength, high thermal conductivity, 


rial for many uses, including kiln furniture, mufi\ \s, and othy 
vital parts of furnaces. Its resistance to abrasio:. ;s leading 
widespread use to resist wear in industrial proce-ses, 

As a chemical, its reactivity in molten iron «14 slags hy 
led to wide use as a reducing agent and deoxidiz:, especial 
in gray iron melting. Since halogens react with it at elevate 
temperatures, it has been used to produce silicon letrachlorig 
for manufacture of silicones. In bonded form, it has {oy, 
acceptance as a catalyst support. 

The next half-century should see many new uses for ¢i; 
versatile product as better ways to bond it and to se } 
electrical and chemical properties are found. Between 40 w 
50 per cent of its present uses are nonabrasive in nature. yy 
it seems safe to forecast that this proportion will become ey. 
greater. 


A detailed bibliography on silicon carbide is available {ry 
The Carborundum Company, Public Relations, Niagara Fy\s 


traced to the progress made in the development of carbon 
and graphite electrodes and anodes and their uses in the 
electrothermal and electrolytic fields. 

The brilliant record of carbon and graphite manufacture 
and application can be assigned to three unrelated incidents 
in scientific discovery, the first of which occurred in 1800 
when Sir Humphry Davy made an electric spark jump be- 
tween two rods of charcoal. Practically coincidental with 
Davy’s demonstration was the discovery by Cruickshank 
that an electric current breaks common salt into sodium and 
chlorine. Only minor and, for the most part, unsuccessful 
efforts were made to utilize this new knowledge for several 
years because of the limitations of the voltaic pile battery as 
a power source. 

The third incident occurred in 1831 when Michael Faraday, 


a British physicist and chemist, discovered the principles of 


electrical induction, permitting the conversion of mechanical 
work into electricity. Shortly thereafter Pincinotti, Siemens, 


Wheatstone, Gramme, and others began the development of 


the dynamo. 


After Davy’s first use of charcoal as electrode material, it 
was not until 1846 that Staite and Edwards patented a 


* National Carbon Company, Division of Union Carbide 


and Carbon Corporation, New York, N. Y. 


or more. Lenolt also tried, but with limited success, to purl 
carbons by immersion in acids before baking. The acid tr 

ment must have had merit at the time for Watson and Sit 
were still experimenting with it in 1850. 

However, by 1857 LaCassagne and Theirs were attempti 
to purify electrodes by immersion in fused caustic soda 
potash in the hope that the silica in the carbon might t 
change to soluble silicates. After fusing, the electrodes 
steeped in hot water and exposed to a current of chic 
gas in a porcelain tube. It was supposed that the va! 
earths not affected by the soda or potash would be convert 
into volatile or soluble chlorides, which would produ 
purer carbon. 

At about this time Cumer conceived the idea of mai 
carbons of a mixture of lampblack, benzine, and turpent! 
This mass was kneaded, pressed, and baked, to produ 
porous coke, since the benzine and turpentine volatili 
during the baking. Whether Cumer knew or eared, he ™ 
made the first porous carbon, then immediately attempt! 
increase the density again by saturating the electrodes " 
resins and subjecting them to a second baking. 

There were others, during this same period, who we" 
concerned with the materials for making carbon as with! 
methods. Gaudin began with resins, pitch, tars, and oils, § 
heated the mixtures in closed vessels. The volatile pro“ 


7 and stability have made it a valuable super-refractory mate- New York. 
Carbon and Graphite Electrodes 
i 
C. G. Ollinger* 
Since carbon is the most universally known and used ele- process for making carbon electrodes from pulverized cok 
: ment in the scientific world today, it follows that countless and sugar. The mixture was molded under high pressure agi 
phases of everyday human activity are closely related to it, the shaped mass baked at a white heat. The electrodes thm ‘ 
8 whether directly or indirectly. Exploitation of the world’s were dipped in a concentrated sugar solution on the assum 
i natural resources has come about through the electro-sciences, tion that the sugar would enter the pores and make the mam" 
-) which could not be practical without manufactured carbon denser after a second baking. This was, without doubt, t 
in either the amorphous or graphitic form. Our water, our first attempt to impregnate carbon to improve its commer 
food, our clothing, recreation, medicine, transportation, per- properties. 
sonal comfort and welfare, and now atomic energy, are Lenolt went a step further in the same year. His prepaegi” 
directly dependent upon carbon or graphite. The world pro- carbon consisted of 2 paris of retort coke, 2 parts of wo ” 
gressed and prospered for many centuries before the advent charcoal, and | part liquid tar. The materials were work” 
of the electrochemical and electrometallurgical industries; but into a paste, well kneaded, molded, pressed, covered wit 
the myriad of present-day products of these sciences can be sugar syrup, and subjected to a high temperature for 30 hou 
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these suistanees were condensed and collected for use 
8, y vain in mixing. He proceeded by pulverizing the carbon left 
1 slags | jor the decomposition and mixing it with lampblack, using 
cecal he condensed volatile products as binding material. The 


bixture W's well kneaded, molded in steel molds under 
 .draulie pressure, and baked. The electrodes were considered 
uperior to others in commercial use at the time. 

4 U. 8. patent was granted to De Grasses B. Fowler in 
958 for the process of making carbon plates by mixing ground 
oke with tar, shaping the mixture under pressure in molds, 
sacking the shaped material in lime and heating it slowly in 
» airtight box to drive off the volatile matter. 

From a commercial standpoint Carre appears to have been 
he first to have conspicuous success in producing carbons. 
jis carbon mixture, patented January 16, 1876, consisted of 
5 parts of very pure, finely pulverized coke, 5 parts of cal- 
ned lampblack, and 7 to 8 parts of syrup of sugar. The 
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ilable frogiimowders were moistened either with syrups, gums, gelatine, 
ugara Fullgammr with fixed oils thickened with resins, to form a paste suffi- 
ently plastic and consistent to be forced into cylindrical 
is through a drawplate at the bottom of a powerful press 
t about 100 atmospheres. The rods were piled into retorts 
nd baked at a high temperature, to produce the first extruded 
lectrodes. 
Certainly great tribute should be paid these early pioneers 
ho contributed so much to research because there was 
ttle hope for commercial reward until the year 1867 brought 
erized coil’ first practical dynamo, which was the key that unlocked 
ressure aimee pent up potentials of the electro-scientific age. 
trodes the Charles F. Brush, of Cleveland, entered the field of practi- 
he assummam! and commercial electricity in 1876 with his version of the 
ke the magmgynamo and a carbon are lamp in which the are was con- 
doubt, tggpolled by the current. The carbons that Brush used in his 
commer demonstrations were sawed out of gas retort carbon, but 
ery shortly he, in collaboration with W. H. Lawrence, his 
is prepar lant superintendent, used raw petroleum coke by pulveriz- 
. git, mixing with a binder, and molding to shape. Difficulties 
ere workemt the densities led them to the invention of the process 


vered wie “aleining coke. Added to this important development was 
‘or 30 houmee Invention of a hydraulic press which is practically of the 
s, to puriageme shape and construction as those used today. 


The inventions of Thomas A. Edison in the field of elec- 
ical generation were milestones that were to accelerate 
lectro-developments because of increasing efficiency, less 
hulty operation, and greater stability in current output. 
lison’s work with the incandescent lamp also added im- 
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attempt 


tie soda 

might t ensely to furthering the graphite industry. Edward G. 
trodes we e800, who played such a dominant role later on, entered 
of chlor’ field as superintendent of the lamp factory at Menlo 
the varus, and successfully produced small! graphite lamp filament 
e converge?’ in large quantities. 

produc The much earlier electrolytic process of Cruickshank began 


) take commercial form as soon as more abundant electric 
of makiqgewer became a reality. The first American patent was issued 
turpentil a circular, mercury cathode cell in 1883, to A. L. Nolf, a 
eigian. There were no graphite anodes in this design and the 


) product 
‘Was never tried out; nevertheless, it does mark the be- 


volatili 


red, he hi ning of the caustic-chlorine industry. 

ttempted | The uses of electrodes were becoming sufficiently broad 

trodes Wi id certain to warrant the organization of companies for 
reir exclusive manufacture. The Cleveland Carbon Company 

vho wee ii formed by two partners, Crouse and Tremaine, in 1884. 


as will “tr importance to the industry is memorialized in the 


und oils, 8 ouse-Tremaine Works of National Carbon Company, Fos- 
ile produ", Ohio. The Bolton Carbon Company had been formed 


help satisfy the demand for lighting carbons. W. H. Law- 
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rence, who was associated with the Brush Electric Company, 
bought an interest in Bolton in 1886 and by the end of that 
year the organization name was changed to National Carbon 
Company with Lawrence as its first president. 

While the manufacture of are carbons, battery plates, and 
electrodes was adding important knowledge to carbon chem- 
istry and improved methods of manufacture, the develop- 
ment of the electric furnace gained headway as soon as the 
power problem was solved in 1867. Twelve years after the 
first dynamo was built Siemens patented both his horizontal 
and vertical types of electric furnaces, and in 1886, Heroult 
produced the first of the many types of electric furnaces to 
bear his name. In the same year Hall invented his process for 
producing aluminum, antedating Heroult slightly. 

Major James Turner Morehead and Thomas L. Willson 
decided to use the power developed from the Dan River, in 
North Carolina, to make aluminum from its oxide in the 
intense heat of the new electric furnaces. They organized the 
Willson Aluminum Company and built a small plant near 
Morehead’s practically defunct cotton mill at Spray, North 
Carolina. There in 1892, after many failures to get aluminum, 
a grayish, crystalline substance emerged from the furnace 
and the furnaceman attempted to quench it with water. 
Volumes of gas rewarded his efforts, for the gray material was 
calcium carbide and the gas was acetylene. 

Acheson had become interested in making a much-needed 
abrasive. He severed his connections with Edison and began 
experimenting. He made a furnace from a plumber’s iron 
solder melting pot, filled it with clay and powdered coke. 
Using the pot as one terminal and a lighting carbon as the 
other, he melted the clay and succeeded in making the first 
artificial abrasive material for which a druggist friend helped 
coin the brand-name “Carborundum.” A short time later 
Acheson organized The Carborundum Company. 

One of his first accomplishments was the development of 
a furnace in which materials could be processed for making 
the new abrasive; Acheson also was thinking in terms of 
artificial graphite. In 1897 he built the first graphitizing 
furnace in the world, to usher in the graphite phase of the 
manufactured carbon industry. 

The opportunity to begin graphitizing operations was 
given to Acheson by H. Y. Castner who was designing and 
installing mereury cathode cells for the Mathieson Alkali 
Works in Niagara Falls. Castner approached Acheson to 
graphitize carbons which he had purchased from the Wash- 
ington Carbon Company. The first load of oval anodes, } x 1} 
x 15 in. in size, was delivered to The Carborundum Company 
in May 1897 for graphitizing. The furnace was 16 feet long 
between the heads. The first charge consisted of 2905 carbons 
weighing 2300 pounds which were piled crosswise in order 
to keep the resistance of the furnace as high as possible. The 
carbons were stacked as solidly as possible, in view of their 
shape, in a single pile one foot high between the two furnace 
heads, and a two-inch layer of powdered coke was placed 
around the pile to prevent contact between the carbons and 
the carborundum mixture which surrounded the whole load. 
Power was applied on June 7, 1897, and the run continued at 
7800 amperes. The end of the run was determined by guess 
work. 

During the balance of 1897, 142,500 pounds of anodes were 
treated. From June 1897 until July 1900 all graphitizing for 
the several carbon manufacturers was done by The Car- 
borundum Company, at } cent per pound. 

Acheson had secured many patents on his ‘“‘purified carbon”’ 
between 1895 and 1899, and in 1900 The International Ache- 
son Graphite Company was formed to encompass also the 
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British and French patents he had obtained. At this time he 
became disturbed by the stub loss in electrode use, because 
they were nonjoinable, and started the manufacture of join- 
able electrodes. Shortly thereafter he had improved the 
method to embrace the threaded socket and separate threaded 
nipple that is used universally today. By 1910 International 
Acheson was producing more than a million pounds of 
graphite per year. 

Heroult had been active in the aluminum industry and 
invented equipment for improving and forming carbon elec- 
trodes. Hardmuth, an Austrian lead pencil maker, probably 
was the first to make large electrodes by extrusion. He also 
was the first to use anthracite, although he did not calcine it, 
in making electrodes for ferroalloy furnaces. 

-The aluminum industry must receive credit for pushing 
the development of furnace electrodes, for as the demand for 
aluminum increased, so too did the demand for larger and 
larger pots and electrodes. The aluminum electrode business 
had grown to such an extent that by 1904 National Carbon 
Company, Inc., was required to build a special plant at 
Clarksburg, West Virginia, to supply carbon electrodes to 
the aluminum companies and to Acheson Graphite Company. 

With the background of aluminum production to draw 
upon, the electric furnace steel industry began to make its 
weight known around 1900, although the first electric steel 
was not made until 1906, at the Holeomb Steel Company, 
in Syracuse, New York. 

The first furnace electrodes were made of carbon and were 
imported principally from Germany and Sweden. There were 
difficulties with the quality and delayed deliveries which put 
pressure on American companies. By 1906 National Carbon 
Company was delivering carbon electrodes as large as 8 in. 
diameter and 48 in. long, made of finely grained petroleum 
coke material. Beginning in 1908, electrodes were composed 
of electrically calcined coal, molded to shape and fired in 
saggers. The Electrode Company of America was formed by 
Hercult in Niagara Falls in 1910, with equipment to make 
carbon electrodes. The first hydraulically pressed furnace 
electrodes were made in 1913. 

World War I, in 1914, propelled a rapid expansion of the 
electric furnace industry and the electrode manufacturers 
kept pace. During the war years National Carbon and Ache- 
son Graphite worked together in producing electrodes up to 
14 in. diameter. The quality at that time was greatly inferior 
to accepted standards today and there was trouble with 
breakage. The emergency was bridged, however, and the 
experience gained served to enhance quality control and 
improve manufacturing methods. 

The war had made its demands on aluminum too, and there 
was a close affinity between aluminum and caustic-chlorine 
cells. A plant was built in 1916 at Niagara Falls for the pro- 
duction of metallic aluminum from aluminum chloride. 


Wheeler cells were installed for the producti, of chlor 
but aluminum production experienced indiffe: ent al 
The experience did add immeasurably to chil. rine cell dg 
velopment, and further broadened the application of Carbs 
and graphite electrodes in the electrolytic field. ) 

The period between the two World Wars w:s significa 
for the advancement made in the manufacture of carhoy a | 
graphite electrodes in many sizes and shapes, as well gs th 
application in electric furnaces and electrolytic cells, Purthe 
more, it witnessed the successful adoption of other carly 
and graphite products in metallurgical, chemica), Processing 
electrical, and mechanical uses. 

Just as the first World War gave a boost to the cle 
furnace, so World War II added tremendous impetus ty F 
electrochemical industry. As for carbon and graphite. 4 
electrothermal and electrochemical advances were contiy 
ous, often paralleling and always supplementing each oily 

The demand for larger and larger electrodes, which beg 
in the early 1900’s, always has been satisfied. Carbon 
trodes were first made in the 30 in. diameter size in 1926, 4 
35 in. diameter followed in 1927, and the 40 in. diameter 
1930. Currently they are being made in 45 in. diamete, 

The war experience of 1914-1918 in making 12 and |; 
graphite electrodes was used to advantage when the demay 
of the industry made it necessary to produce a 16 in. diamet 
The 18 in. diameter was first made in 1930, but it was » 
until 1937 that the 20 in. was available. Graphite electro 
are at present being made in 24 in. diameter and up to 110); 
long. 

The general operations in the manufacture of electro 
have remained practically the same for some time: calcini 
grinding, mixing, shaping either by molding or extrusy 
baking and graphitizing. Improvements have been mace 
each of these steps and major progress has been made 
regulating purity, resistivity, hardness, increased densi 
etc. The earlier workers tried to obtain higher densitie 
saturating the baked shapes with binders and baking a se 
time. At present the end is reached by starting with hig! 
density materials and calcining them in a manner that ¥ 
increase this factor. 

The future of the manufactured carbon and graphite’ 
dustry can be but a projection of the past trend and | 
present status. From its rough, practically unknown and 
controlled beginnings have evolved a multitude of produ 
ranging from small, finely machined mechanical and ¢ 
trical parts, through porous and impervious grades, to mal 
moth blocks for lining metal furnaces. 

With such a record of accomplishment and the fundamen 
interrelationship of these industries, who can predict ! 
future growth of the electrothermic industry, the yet ! 
known channels of electrochemistry, and the eventual util 
of that still shapeless monster that we know as atu! 
energy. 
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tn 1900, C. B. Jacobs patented a process for the manu- 
.cture of aluminous abrasives hy the electrothermic fusion 
nq reduction of bauxite ore. Prior to this event, only natural 
juminous abrasives such as corundum and emery were avail- 
ple in commercial quantities. In Jacobs’ patent, the electro- 
hermic process was carried out in a refractory lined crucible. 
'rbon blocks or a cementlike mixture which required baking 
fore use were frequently used for the lining. The expense 
{these special linings which had to be torn down after each 
ise, together with the care and labor necessary to build them 
» each time, were serious objections to the Jacobs’ process. 
‘In 1904, Aldus C. Higgins of Worcester, Massachusetts, 
tvented a water-cooled electric furnace that turned out to 
the basic tool of the aluminous abrasive industry. In his 
tent, Higgins disclosed an unlined rolled-steel shell, about 
1 in. thick, in the shape of the frustum of a cone, circular in 
ross section and tapered, being larger in diameter at the 
wttom. By means of a water spray at the top flange, water 
vas cascaded down the outer periphery of the shell, forming a 
ontinuous blanket of cooling water over the entire outer 
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it Was i face of the shell. The furnace bottom or hearth, on which 
a aaeind this shell rested, consisted of a metal structure in the form of 
P to 110 rcular tray which was lined with refractory blocks, usually 
made of carbon. 

Sue At that time, perhaps the most startling feature of this 

“Binvention was the fact that molten alumina at a temperature 
Seu * approximately 2000°C could be contained in an unlined 
me owe steel shell, with steel melting at about 1400°C. The reasons 
nr od for this remarkable behavior, of course, were: 

a 1. The molten alumina, of relatively high purity, was at 
me a - | temperature only slightly in excess of its rather sharp melt- 
with hid ing point. 

2. It was necessary to extract only a small amount of heat 
er that from the molten alumina (by means of the water-cooled steel 
sieht shell) to effect solidification. 
ae ail In this way, Higgins’ water-cooled steel shell formed its 
on and ae crucible lining of solidified fused alumina. The molten 
oF eade bath would approach the steel shell up to the point where the 
a d water cooling became effective, then the molten alumina 
te wa would solidify forming, in situ, a solid refractory alumina 


lining. 
In these early days, the rate of power input to the furnace 


undamen 
was controlled in, what seems today, a rather amusing fashion. 


redict 
Le vet The rectangular carbon electrodes were drilled and bolted 
ntual util lirectly to the stationary bus-bars carrying power to the 
as stom umace. The entire water-cooled furnace shell and carbon- 


ined furnace bottom were then mounted directly on the ram 
{a hydraulic cylinder. When the rate of power input ex- 
eeded the desired amount, the whole furnace was lowered 
way from the electrodes, increasing the length of the are, 
uereasing the total resistance in the circuit, and thereby 
owering the rate of power input. Conversely when the rate 
of power input was too low, the entire furnace was raised by 
means of the ram, bringing the bath closer to the stationary 
tlectrodes, decreasing the length of the arc, decreasing the 
total resistance in the circuit, and thereby increasing the rate 
ol power input. If one electrode burned off more quickly than 
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Arc Furnace Practice in the Manufacture of 
Aluminous Abrasives and Refractories 


John A. Upper* 


the other, there really was trouble. In those days, the ram 
was operated by the furnace operator by means of a manual 
valve. There were no automatic furnace power-regulating 
devices in use. The idea of raising and lowering the whole 
furnace, rather than the electrodes, was perhaps due to the 
fact that Aldus C. Higgins’ father, Milton Prince Higgins, 
was a manufacturer of plunger elevators. 

The changes in the Higgins’ furnace over a period of fifty 
years have been rather few and far between. There ‘has been 
a gradual evolution rather than a series of drastic changes. 
Perhaps the one obvious change has been making the furnace 
stationary and moving the electrodes to control the rate of 
power input. There have been some improvements in the 
construction of furnace bottoms. The original idea was only 
to have the furnace bottom refractory contain the molten 
alumina. Subsequently, the idea of incorporating some ther- 
mal insulation occurred, and built-up bottoms consisting of 
a layer of insulating material surfaced by a layer of carbon 
were constructed, adding somewhat to the thermal efficiency 
of the process. 

Naturally enough, the size of the furnaces have increased 
with the demand for aluminous abrasives. The original fur- 
naces had a capacity for producing about 3000 to 5000 lb of 
product per run. This size has gradually increased to capac- 
ities of 10,000, 20,000, and 50,000 Ib, while the most popular 
size is still about 20,000 lb. Accompanying increased furnace 
size has been an increase in the rate of power input. Early 
furnaces had a rate of power input of about 300 kw. This 
rate has been increased in increments to 500 kw, 750 kw, and 
1000 kw. It is understood that, at the present time, there are 
in operation a few commercial are furnaces having power in- 
put at a rate of several thousand kilowatts. Coincidental with 
the increased rates of power input, the furnace operating 
voltage has increased, but to a much less marked degree. 

Automatic furnace power-regulating devices have now 
been in use for many years. The earliest models consisted of 
a converted recording wattmeter, on which were mounted 
supplementary contacts which actuated solenoids to close 
switches, and drive motors connected to gear reducers, which 
raised and lowered electrodes by means of drums, cables, and 
pulley systems, to return the power input to the desired value. 
In these earlier wattmeter type controllers “hunting’’ was a 
very real problem. “Hunting” is due to overcorrection, i.e., 
raising or lowering the electrodes too far. With these primi- 
tive controllers, power input fluctuations from 0 to 200 per 
cent of the desired load were not at all uncommon. However, 
at the present time, there are many different types of con- 
trollers on the market, designed to hold the rate of power 
input within narrow limits of the desired set point. 

The early are furnaces were for the most part operated on 
single-phase power. The furnaces were small and as the de- 
mand for their products grew, production was simply in- 
creased by adding more small furnaces. With a multiplicity 
of small single-phase units, it was and is quite feasible to 
maintain a balanced three-phase load by dividing up the 
units per phase equally. The most modern are furnaces of 
intermediate and high rate of power input now operate on 
three-phase power, and are equipped with three electrodes 
instead of two. 

So far as electrodes are concerned, the early furnaces were 
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operated on rectangular carbons made in one piece. When 
the electrode burned off to such an extent that the electrode 
clamp was in danger of becoming overheated and burning off, 
the operation was interrupted, the stub was discarded as 
waste, and a new electrode assembly installed. Subsequently, 
cylindrical carbon and graphite electrodes of greatly improved 
durability were made with threaded ends. By means of these 
threaded ends, waste was virtually eliminated, and lost time 
in changing electrodes was greatly reduced. 

Since fused alumina abrasive is also a very good high tem- 
perature refractory, it seems quite logical that the production 
of fused alumina led the abrasive manufacturers into refrac- 
tory and allied fields. The same Higgins’ are furnaces that 
produced fused alumina abrasives and refractories were used 
to produce other types of high-melting refractory materials. 

One of the better known refractories now produced in Hig- 
gins’ furnaces is electrically fused magnesium oxide. At least 
two grades of this material are manufactured commercially. 
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The “Refractory” grade is used for the manufacty 
bricks, crucibles, etc. The ‘Electrical’ grade is \:seq 
manufacture of tubular heating elements for stoves, P 
The electrical grade is a good thermal conductor and , 200 
electrical insulator—a unique combination. 

Other high-melting refractory products of the Higying 
furnaces include such items as fused thoria, fused stahjj J 
zirconia, fused lime, spinel; kyanite, sodium aluminate. fused 
dolomite, anhydrous borie acid, and borides and carhices 
zirconia, titania, etc. 

In conclusion, it may be noted that while no very radi 
changes appear to have been in the Higgins furnace proces 
for the manufacture of fused aluminous abrasives and». 
fractories, it is evident that the scale of operations has hos 
vastly increased. A considerable increase in thermal efficiey, 
has been achieved and a great diversity of new high-meltiy 
refractory products has been developed from the one bell 
tool—the Higgins are furnace. 


New Refractories—Carbides, Borides, Nitrides, Silicides 
G. R. Finlay* 


This article is concerned principally with the refractory 
carbides, borides, and nitrides. In one respect these com- 
pounds are not new, since many of them have been known 
for at least 50 years. However, interest in the application of 
these materials in science and industry has increased greatly 
in recent years, and methods for preparing them in quanti- 
ties ranging from pounds to tons have been developed or are 
in the process of development. A condensed source of infor- 
mation on these refractories first became available in 1897 
when Henri Moissan published “Le Four Electrique’’ in 
Paris, France (1). This book summarized his researches on 
electric furnace products up to that date. An English transla- 
tion appeared in the United States, under the title ‘““The Elec- 
tric Furnace”’ in 1904. Most of the presently known carbides, 
borides, nitrides, and some silicides were discussed in this 
book. As might be expected, many of Moissan’s conclusions 
have had to be revised in the light of more recent work, but 
his book provided the first compendium on this subject, and 
is still useful to workers in this field. 

In 1905, O. P. Watts (2) of the University of Wisconsin 
wrote a monograph covering the preparation of borides and 
silicides, and summarizing the information available at that 
time. 

By 1909, Ezekiel and George Weintraub (3), working in 
the United States, succeeded in preparing fairly pure boron 
by depositing it on a hot carbon tube from a mixture of BCI; 
and H,». They also performed one of the first hot-pressing 
operations by compacting boron powder to a coherent solid 
in a mold lined with boron nitride. The boron powder was 
heated by passing a current directly through it, until the 
temperature approached 2000°C. An auxiliary heater served 
to preheat the column of boron or other refractory material. 

Tungsten carbide (4) first appeared in Germany in 1914, 
but attracted little attention until a cemented carbide be- 
came available in 1927 as ‘““Widia’”’ (5). This product was 
made by bonding fine tungsten carbide with metals of the 
iron group. The descendants of the original ““Widia” are now 
familiar in industry under a variety of trade names, such as 
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Carboloy, Kennametal, Wickaloy, Ramet, etc. The mac 
tool owes much of its progress to the availability of these: 
terials for tool bits and wear-resistant surfaces. Cemented 
carbides have also been widely employed in such dive 
fields as rock-drilling and wire-drawing. 

Titanium carbide was discovered in 1887 by Shimer | 
and zirconium carbide by Moissan (7) in 1896. These co 
pounds did not attract commercial interest until compan! 
tively recently. Titanium carbide has become an importait 
ingredient of the steel-cutting grades of cemented carbid 
tool bits. Metal-bonded (cemented) TiC is currently being 
promoted as a semimetallic refractory (8). Zirconium carl) 
is used as a raw material for the manufacture of zirconi 
tetrachloride, an intermediate in one process for maki 
metallic zirconium. 

A mixed carbide and nitride of titanium, apparently a wld 
solution of TiC and TiN, was discovered in 1850 by Wohi 
(9). It has variously becn known as titanium carbonitr 
and titanium cyano-nitride. Currently it is being used t 
make TiCl, for smoke screens and for the production « 
metallic titanium. 

About 1933 a product made from coke and fused B,0; 1 
an enclosed resistance type of furnace was placed on ti 
market (10). This material was determined to be, in the pu 
form, a definite chemical compound of the form B,C. Thi 
was the first commercial production of a material harder that 
silicon carbide. Boron carbide is still the hardest matens 
made by man. Under the trade name Norbide it has be 
used in sandblast nozzles and in many other wear-resistall 
applications in which its hardness is an asset. Norbide § 
fabricated into simple shapes by hot pressing the powder! 
material in graphite molds at temperatures above 2000°C 

The technique of hot pressing in a graphite mold, whit! 
was first developed for Norbide, has since been applied to t 
fabrication of a wide variety of carbides, borides, nitride 
silicides, and oxides (11). Patents covering furnaces and p™ 
cedures have been issued to R. R. Ridgway, A. H. Balla 
B. L. Bailey, and others (12). Temperatures ranging ¥) ' 
2300°C and pressures to 10,000 psi have been successful 
employed. Early furnaces were heated by graphite tube ™ 
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ifacture oAMimstors but»! recent years high-frequency induction has also 
sed for th roved COD’ enient as a source of heat. 
‘toves, 4M In addition to the publications of Moissan and Watts pre- 
‘ind a goodilmmiouslY mentioned, there have been a number of other con- 
BB, ;butions in this field. ‘““Gmelin’s Handbuch der Anorgan- 
he Higyindimschen Chemie,” No. 13 published in 1926, contains a thorough 
1 stabilizeiiifompilation to that date of data on boron and borides. Karl 
inate, fused ecker’s book “Hochschmelzende Hartstoffe’”’ (13) appeared 
carbides +) 1933. It provides an excellent summary of the preparation 


snd properties of carbides, borides, nitrides, and related com- 


‘ery radicifiipounds and is still the primary source book for workers in 


ACE procesdmmthis field. 

yes and rel The Atomic Energy Commission has been particularly in- 
18 has heullifterested in compounds of uranium and thorium. Its research 
al efficien workers have produced the carbides, borides, nitrides, and 


xilicides of these two elements and have published a consid- 
erable volume of literature on their preparation and proper- 
ties (14). 


igh-melting 
one basig 


TABLE I. Compounds of metals with metalloids 


Metalloid group 


Metal —— — 


c N Si 
Al | ALC; (AIN) 

‘he machi Ca CaBs | (CaC2) | 
of these: Ti TiB: | Tic | TiN 

Cemented TiB,(?) | | 
ach diver V VB. VC | VN 

Cr | CrB CrsC: Cr.N(?) 

Shimer CrB: | Crs 

CraCe 

Nb | NbBs NbC NbN 
ently being MoB, 
um earl Mo.B; 
 zirconiu Ta TaB, TaC TaN 
for makiy Ta,C Ta,N 

W W:B wc WSiz 
ntlv a solid WB W:C | 

by Wohi WB;(?) 
arbonitrid W:2Bs 
duction U:Cs 

Th | ThB, ThC | 
ed  ThBs ThC; 
ped on the 
in the pur 

BC. Thi There seems to be no up-to-date conipendium of informa- 
sarcler thes tion in the general field of carbides, nitrides, and borides. 
t materi @ppearance of such a work would be a considerable help 
t has beim? Workers in this field. 
ur-resistalii Tables I and II list the compounds considered in this paper. 
Norbide They are intended to be suggestive rather than exhaustive 
, powder since a critical sifting of the literature would be a major 
-9000°C task, 
old, whid These compounds are characterized in the main by bonds 
slied to the « high energy as evidenced by their large heats of formation. 
s. nitrides The strong bonds also show up in two other ways: 
xs and pro |. The compounds are very hard, clustering about 9 on 
H. Ballard Mohs’ scale or mostly above 2000 on the Knoop Hardness 
neces 2. The compounds have very high melting points ranging 
te tube 2000°C or 4000°F. 


A further remarkable feature of these materials is the fre- 
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quency with which they show metallic properties. Most of 
them have a metallic luster and high thermal and electrical 
conductivities, which are definitely metallic characteristics 
(15). Exceptions to the rule are such materials as ByC and 
SiC which are compounds of a metalloid with a metalloid. 
These substances are semiconductors. The notable exceptions 
are diamond and BN which are substantially insulators. 

Three methods of laboratory preparation have stood the 
test of time and are still used for making small quantities of 
these compounds. These are listed below: 

1. Reaction of the elements with each other, or of one ele- 
ment with an oxide of the other, at high temperature in a 
controlled atmosphere. 

2. Deposition on a hot surface from a mixture of gases 
capable of decomposing or reacting to form the desired com- 
pound. 

3. Formation by the electrolysis of a fused salt. 

The first method may be illustrated by the following equa- 
tion: 


TiO, + 3C = TiC + 2COf. 


This reaction is usually carried out at 2000°-3000°C in an 
enclosed furnace with particular care to exclude air. 

The second method, commonly known as the “hot-wire” 
technique, has been described in some detail by Becker. This 


TABLE Li. Compounds of metalloids with metalloids 


Metal- Metalloid group 
loid 
B N Si 
B | Boron BC 
| Graphite | oe 
BC { Diamond (C2Nz) SiC 
N BN | No hard | (Na) | SisN,(?) 
| compound | SisN(?) 
Si | No compound | SiC | | Silicon 


identified | 


interesting application of electrothermics was employed by 
the Weintraub brothers, as already mentioned, for the pro- 
duction of boron. In 1922, F. Koref (16) adapted the idea to 
the production of pure metals and was the first to use a metal- 
lic wire. In 1923, A. E. Van Arkel (17) succeeded in deposit- 
ing titanium metal (iodide titanium) on a hot wire by de- 
composing titanium iodide, and the next year he prepared 
titanium carbide by a similar technique. On a laboratory 
scale the gaseous mixture of raw materials is passed over a 
heated filament of tungsten (wolfram) or tantalum wire on 
which the product is deposited. The following typical equa- 
tion ignores possible side-reactions: 


2TiCl, + N: + 4H; — 2TiN + 8HCI. 


The third method has been described rather completely 
by Andrieux and coworkers (18) who have applied fused salt 
electrolysis to the synthesis of borides. 

Commercial methods of production have been, in general, 
expanded versions of the methods already described. The 
following examples are typical: 

1. Zirconium carbide is made by reacting zirconia and car- 
bon in an enclosed resistance-type furnace (19). 

2. Elemental boron has been made by passing a gaseous 
mixture of boron trichloride and hydrogen over heated graph- 
ite rods (20). 

3. Zirconium boride has beén made in semicommercial 
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quantities by the electrolysis of a fused borate bath contain- 
ing a small amount of zirconia (21). 

For the most part, commercial use and even research have 
been hindered by the high cost of production of many of these 
compounds. The more esoteric of them will probably continue 
to be costly because of the small quantities involved and the 
highly specialized equipment required for their manufacture. 
This situation is gradually changing, as evidenced by the 
recent appearance on the market of high purity BN at a 
great reduction over previous prices. However, more economi- 
cal production methods will come only when industrial re- 
search workers find large-scale applications for these com- 
pounds. 


References 


1. Henrt Morssan, “‘Le Four Electrique,’’ Steinheil, Paris 
(1897); H. Morssan, “The Electric Furnace,” translated 
by Victor Lenher, 2nd ed., The Chemical Publishing Co., 
Easton, Pa., (1920). 

2. Oviver P. Warts, ‘‘An Investigation of the Borides and 
the Silicides,”” Bull. Univ. Wis. No. 145, Eng. Ser. No. 3, 
251 (1906). 

3. Ezexre, Weintraus, Ind. Eng. Chem., 3, 299 (1911); 5, 
106 (1913); U. 8. Pat. 997,879, July 11, 1911; 1,019,391; 
1,019,393; 1,019,394; and 1,019,569, March 5, 1912. 

4. LoHMANN AND VoIcTLANDER, German Pat. 286,184; 289,066 
(1914). 

5. Franz Sxaupy, Z. Elektrochem. 33, 487 (1927). 

6. P. W. Summer, Proc. Roy. Soc. (London), 42, 89 (1887); 

Chem. News, 55, 156 (1887). 


Fifty years ago the manufacture and uses of elemental 
phosphorus did not exceed 400 tons a year. Its use was limited 
to nonferrous alloys, strike-anywhere matches, red phosphorus 
for safety matches, the manufacture of pure phosphoric acid, 
and the preparation of pharmaceuticals, principally hypo- 
phosphites. Today the installed capacity of electric furnaces 
for phosphorus manufacture exceeds 190,000 tons (1). 

Two significant changes regarding the manufacture and 
use of phosphorus have taken place over the half-century. 
First, it has shared in the growth common to all branches of 
the American chemical industry. Second, elemental phos- 
phorus has replaced phosphate rock and sulfuric acid as the 
basic raw material in the manufacture of phosphoric acid and 
phosphate salts of all kinds and, indeed, to a limited extent 
in the production of fertilizer. 

Following a long period (1910-1937) of competition between 
the electrothermal and pyrolytic (blast furnace) methods, 
the former, with the development of large-scale furnaces, has 
demonstrated its economic superiority. 

Economic factors such as increasing cost of sulfuric acid, 
increasing cost of transportation, improvement in burning 
phosphorus, the use of the Cottrell system for completely 
collecting the products of combustion together with the large 
electric furnace, have changed the picture as regards phos- 
phate salts derived from phosphoric acid. The use of phos- 
phate salts has increased enormously during the past ten to 
fifteen years. 


* Oldbury Electro-Chemical Company, Niagara Falls, New 
York. 


JOURNAL OF THE ELECTROCHEMICAL SOCIETY 


Electric Furnace Phosphorus Development 
Walter Wallace* 


March 195 


7. Henri Compt. rend., 122, 651 (1896). 

8. J. C. Repmonp E. N. J. Metals, 987 (log 

9. F. W6uLER, Ann., 73, 34 (1850). 

0. R. R. Ripeway, U. 8. Pat. 1,897,214, Feb. 14, 1983; Trg, 

Electrochem. Soc., 66, 117 (1934). : 

11. R. R. Ripeway anv B. L. Battey, U.S. Pat. 2 (127 735 Ja 
14, 1936; U. S. Pat. 2,091,569, Aug. 31, 1937. 7 

12. R. R. Rip@way anv B. L. Batiey, U. 8S. Pat. 2.121 14 
(1938). R. R. Ripaway, U. 8. Pat. 2,123,158 
2,125,588 (1938); 2,155,682 (1939). R. R. Rivaway vn 
B. L. Battey, U.S. Pat. 2,150,884 (1939). A. H. 
U.S. Pat. 2,538,959 (1951); 2,567,592 (1951). 

13. Kart Becker, ‘‘Hochschmelzende Hartstofie und 
technische Anwendung,”’ Verlag Chemie, Berlin (1933 

14. Leo Brewer, et al., A.E.C.D. 2823, (Feb. 14, 1950); yy 
Ma tert, et al., J. Electrochem. Soc., 98, 505 (1951). Leg 
Brewer, et al., AECU 607 (UCRL 434) (Aug. 28, 194 

15. G. R. Finvay, “Refractories for 4000°F and Higher,” 1 
be published in Chemistry in Canada (1952). 

16. F. Korner, Z. Elektrochem., 28, 511 (1922). 

17. A. E. Van ArKEL, Physica, 3, 76 (1923); 4, 286 (i9y 
“Reine 
dung,” Julius Springer, Berlin (1939) [litho-print by fy 
wards Bros., Ann Arbor, Mich. (1943)]. : 

18. L. ANpriEUX, Ann. Chim., 12, 423 (1929). 

19. R. R. Ripeway, U. 8. Pat. 2,123,158 (1938). 

20. G. H. Ferrer.ey (To Norton Company), U. 8. Pat. 254. 
916, Feb. 20, 1951. 

21. 8. J. SinpEBAND AND R. P. Seeuia, Paper on ‘Fusion 
trolysis Apparatus for the Production of Metal Borides 

presented at Washington Meeting of The Electrochemie 

Society (1951). 


Between 1870-1880 attempts were made to produce pho: 
phorus in the United States by the chemical pyrolytic metho 
the same as used in Europe at that time. They were on a ver 
small scale and not very successful. Later phosphorus wi 
manufactured at the Moro Phillip Works at Camden, Ne 
Jersey, but until 1897 the principal supply in the Unite 
States was imported. 

In 1897 Oldbury Electro-Chemical Company commence 
manufacture by the electric furnace at Niagara Falls, \e 
York. The company was a branch of Albright and Wils« 
Limited, of Oldbury, England, owners of the Readman Parke 
patent for the manufacture of phosphorus by the electn 
furnace, a process already operating in England. The furnace 
were approximately 100-kw single-phase. An associated cot 
pany, the Phosphorus Compounds Company, in whieh Mu): 
linckrodt Chemical Works were also interested, producel 
phosphoric acid and other pure chemicals from the phos 
phorus. Manufacture of phosphorus in the electric furnae 
was started by the American Phosphorus Company at York 
Pennsylvania, (1902-1905) and continued until the close (jj 
World War I. During the war and preceding it, experiments 
work was done in the Department of Agriculture in th 
production of phosphoric acid directly from rock, both ) 
electric and blast furnace methods, with a view to the elimin 
tion of sulfuric acid and attaining more concentrated et 
tilizer (2). 

Following the war, Theodore Swann commenced the mant: 
facture of ferrophosphorus and applied the information 
tained by the work of Ross, Carothers, and Merz in the De 
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tment 0! Agriculture in the burning of the gases from the the direction of H. A. Curtis has been written up most com- 
O87 (Ig paces ai! condensation of the resulting acid. pletely by Curtis, et al. (3), and in T. V. A. reports. The ac- 
933. 7, About the same period the Victor Chemical Works installeb quisition of the Swann Company by Monsanto Chemical 
EEE |, rge-scale blast furnace under the direction of Waggaman Company and subsequent building of the plant at Monsanto, 
27,786, jofammr the reduction of phosphate rock. The installations of both Tennessee, for the production of elemental phosphorus, to- 
«yn and Victor gave phosphoric acid, which was more easily gether with the work at T. V. A., proved the superiority of 
'. 2,121 1yfli/urified for food products than that obtained from the sul- the electric furnace method over the blast furnace. Since 1937 
158 (193, rie acid method. These installations also were on a suffi- the electric furnace has been ddopted by almost all other pro- 
WAY sxdilhently large scale to be competitive as regards phosphate for ducers as a source of phosphorus for phosphoric acid, not only 
- Batiay tergents. Both processes could be modified so as to condense for food phosphates but for all phosphate salts. 
| | or part of the phosphorus from the gases before burning. 
: und ihr ‘her smaller installations were made of both blast and elec- 
in (1933 References 
1951): Lemme ith the inception of the Tennessee Valley Authority, in 1. Chem. Eng. News, 29 (Sept. 1951). 
. 28. 1949 NO33, experiments were conducted at Wilson Dam, Alabama, 2. Wituram Haynes, “History of American Chemical Indus- 
igher,” Tym electric furnace production of phosphoric acid, burning try,” Vol. 2, Vol. 4. 
he gases directly from the furnace, hydrating, and collecting 3. H. A. Curtis, ArtrHur M. MILuerR, anv J. N. JUNKINs, 
ne acid, and also by condensing the phosphorus and burning Chem. & Met. Eng., “‘Superphosphate by the Electric 
286 (1924) separately at another stage. The work followed lines similar Furnace Method,” 42 (1945); 43 (1946). 
—Verwe that of Swann, and T. V. A. developed furnaces for the 4. E. Gress anp Ciaupe K. Detscuer, ‘George 
‘int by Eig duction of elemental phosphorus. The work done under Rose,”’ (bibliography), J. Chem. Education, 27 (May 1950). 
om Electric Furnace Ferro-Alloys and Calcium Carbide 
Joseph H. Brennan’ 
The electric furnace ferro-alloy and carbide industries are being produced in the electric furnace at a rate approximating 
nly a little older than The Electrochemical Society. In the 1,100,000 tons annually. 
800’s the diseovery of calcium carbide by Willson, the re- Early attempts to establish an electric furnace industry for 
arches of Moissan, and the development of electric furnaces the reduction of iron ores, notably that of the Noble Steel 
 Heroult, Girod, Stassano, and others were laying the foun- Company at Heroult, California, in 1908-1914, were economic 
tions for an industry which was in its swaddling clothes at failures but the electric steel industry, based on steel scrap 
he turn of the century. Perhaps the first important commer- as a raw material, continues to prosper because of the supe- 
ae il use of electrothermal methods for alloy manufacture in rior quality of its product. Indeed, with the increasing size of 
ie metho lt” United States was the production of copper-aluminum furnaces and the flexibility of its operation, it looms as an 
os ronzes by the Cowles brothers at Lockport, New York. While economic competitor of the open-hearth even for low-alloy 
ad heir method became obsolete with the introduction of Hall’s or plain-carbon steels. Furnaces nominally rated at 100 tons 
i Ne lectrolytie process, it was the forerunner of many other more per heat are in operation and larger units are under construc- 
Unite uccessful enterprises. tion. 


The story of the discovery of calcium carbide by Willson 
tSpray, North Carolina, in 1892 has been told many times. 
és8 well known is the establishment by James Turner More- 
ead, the guiding spirit of the Willson Aluminum Company, 
{ industries for the production of ferro-alloys at Holcomb 
hock, Virginia, and Kanawha Falls, West Virginia, as well as 
alcium carbide at Niagara Falls, New York, and Sault Ste. 
larie, Michigan. These were all going ventures when The 
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hich Mil Jectrochemical Society was founded in 1902. 
iad The subsequent growth of the electrothermal industries, 
the pho ke the chemical industries generally, has been marked by 
ae eriods of rapid growth and expansion coincident with the 
+ at Yor porld wars, F urther expansion on a very large scale is now 
1 iid aking place in connection with the defense effort and the 
aemate urrent enlargement of the steel industry. The increasing use 
so ia the electric furnace first introduced in America at the 
ie oleomb Steel Company in Syracuse in 1906 as a tool for 
om heh quality steel production has been accompanied by an 
se te er-growing use of alloy steels and demand for ferro-alloys. 
a tthe end of 1950 electric steel capacity in the United States 
as pproximated 6,000,000 tons annually and ferro-alloys were 
ation RE * Chief Metallurgist, Electro Metallurgical Company, Ni- 
n the De Foils, New York. 


Since electrical energy constitutes one of the prime raw 
materials of the ferro-alloy industry, all of the early ventures 
were located at sources of low-cost hydroelectric power. With 
little hydroelectric power available today, the present ex- 
pansion of the industry is taking place near sources of coal for 
steam power, notably in the Ohio valley. 

The first products of the ferro-alloy industry in the United 
States were high-carbon ferrochromium, employed in armor 
plate production, and ferrosilicon used as a de-oxidizer and in 
the production of silicon steels for electrical applications. By 
the end of World War I, the electric furnace was producing 
silicon metal, low-carbon ferrochromium, ferrotitanium, high- 
and low-carbon ferromanganese, silicomanganese, silicospiegel, 
ferromolybdenum, ferrotungsten, ferrovanadium, and a num- 
ber of lesser alloys including ferro-uranium and the zirco- 
nium-ferrosilicons. To these must now be added calcium-silicon, 
ferrochromesilicon, ferroboron, medium-carbon ferromanga- 
nese, ferrocolumbium, ferrotantalum-columbium, and a vari- 
ety of complex alloys containing silicon, calcium, aluminum, 
zirconium, titanium, chromium, manganese, and boron which 
are employed in both iron and steel for deoxidation, nuclea- 
tion, grain refinement, control of hardening, and for the de- 
velopment of specific properties. pis ba 

In the early promotion of the calcium carbide industry there 
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was a mistaken belief that it would serve as an economical 
additive to illuminating gas, then extensively employed in 
household lighting. While it was not adaptable for this pur- 
pose, it nevertheless found extensive applications for lighting 
purposes in homes, farms, miner’s lamps, and on the early 
automobiles. Subsequent growth of the calcium carbide in- 
dustry came with acetylene welding but, at present, the larg- 
est use of calcium carbide is in ¢hemical synthesis for acetal- 
dehyde, acetic acid, vinyl compounds, and synthetic rubber. 
Acetylene production from other sources such as petroleum, 
has been a potential threat to the calcium carbide industry 
but, so far, the electric furnace has been able to hold its own 
economically. 

Two general types of electric furnaces are employed by the 
ferro-alloy industry, the submerged or smothered are and the 
open are. The latter is usually a tilting furnace whereas the 
submerged are type is tapped from a fixed taphole. Ferro- 
silicon, ferromanganese, high-carbon ferrochrome, calcium 
carbide, and other ferro-alloys employing carbon reduction 
are produced in furnaces of the submerged or smothered arc 
type. The charge, consisting of ores or oxides and carbon in the 
form of coal or coke, is continuously fed at the top of the 
furnace and the molten products are intermittently tapped 
from a taphole at hearth level. Submerged are furnaces may 
be single- or three-phase. In three-phase furnaces the elec- 
trodes, when rectangular, are usually arranged in line. When 
round electrodes are employed, a delta arrangement is pre- 
ferred. Single-phase units of as little as 500 kilowatt capacity 
to three-phase units of more than 20,000 kilowatts are oper- 
ated. The larger units are principally used for caleium carbide. 
Linings are constructed of carbon blocks and the dimensions 
of the furnaces are such that part of the charge itself consti- 
tutes the principal lining of the furnace. Furnaces of this type 
operate on long continuous campaigns and, except for product 
changes, may operate for a period of years without lining or 
hearth repairs. 

Developments in this type of furnace have worked toward 
increasing size of the unit and means of collecting the gases 
and fumes liberated. All early units of this type were built 
with open tops which permitted the carbon monoxide evolved 
to burn at the upper surface of the mix. Complete enclosure 
of this type of furnace has involved many difficulties. The 
continuous feeding of mixture which is necessarily coarse to 
obtain porosity for gas evolution, the requirements for stok- 
ing to maintain mixture flow, and the difficulty of maintain- 
ing stuffing boxes around very large electrodes, as well as the 
violent high temperature “blowing” when porosity is not 
adequate, are some of the problems encountered in covering 
furnaces of this type. In one modern type, a nearly complete 
enclosure is effected where the carbon monoxide is collected, 
washed free of dust and fume and utilized in auxiliary opera- 
tions, largely for fuel. 

Because of the reactance problems involved by very heavy 
currents in furnace design, the early installations sought 25- 
cycle power and, indeed, it is probable that the projected 
needs of the electric furnace industry were a major factor in 
the decision to make the first hydroelectric installation at 
Niagara Falls 25-cycle. The almost universal installation of 
60-cycle power elsewhere in the country and the need of inter- 
locking power systems has led to design of satisfactory 60- 
eycle furnaces and the industry as a whole is converting to 
power at this frequency. 

The ferro-alloy and carbide industries in the United States 
principally use carbon electrodes. Self-baking electrodes of 
the Séderberg type, while extensively employed in aluminum 
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chromium.as a base for stainless steel. Modifications have |« 
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cells, have had only limited use in the United Stat. fo = 
alloy and carbide furnaces. The Elkem furnace, a ubmerge, 
are design having fixed electrodes and a rotatin. hearth . 
currently being tried by the Tennessee Valley Authority : 
the manufacture of phosphorus. aa 

An important auxiliary to furnaces of the subierged 
type is the tapping electrode. Here a small graphite electry, 
connected to the furnace circuit is used to burn out the taphol 
and facilitate tapping. It is almost indispensible to large ¢, 
bide furnaces but may be replaced with an oxygen lance jy 
some types of alloy production. 

The low-carbon alloys of chromium, manganese, and yan, 
dium cannot be practically produced by refining the hig 
carbon alloys which result from reduction by carbon, [gy 
manufacture of these metals and alloys was by aluminothery 
processes of Goldschmidt. Silicon reduction processes devisa) 
by F. M. Becket preceded large and economical manufactyp 
of low-carbon ferrochromium and ferromanganese. He (js. 
covered that silicon would exclude carbon from alloys ay 
devised two-stage processes involving carbon reduction {y 
the manufacture of low-carbon silicides of chromium and othe 
metals and used those silicides in a second operation for the 
reduction of ores and oxides. These processes have been of 
particular importance in the manufacture of low-carbon fer 


to a steady lowering of the carbon content in commercis| 
ferrochromium until now a product containing less thy 
0.03 per cent carbon is available in large tonnage. This hw 
been of extreme importance in the developing metallurgy o/ 
stainless steels. In France and England semiexothermie pre 
esses involving the use of silicides devised. by R. Perrin hav 
found application in low-carbon ferrochromium manufactur 
these processes have had only transient use in the Thitel 
States. 

Low-carbon ferrochromium, ferromanganese, ferrocolum- 
bium, ferrovanadium, chromium, and manganese metals ar 
produced in furnaces of the open are type. Here the mixture 
usually ores, silicides, and fluxes, are fed continuously to « 
open bath where reduction and melting are simultaneou 
The furnaces of the Heroult tvpe are basic-lined with struc 
tural modifications to take care of the large slag volumes whic! 
are produced. Unit furnaces vary from 500 to several thou 
sand kilowatts. Manufacture is a batch operation as in ste 
making with the furnace being completely tapped and tle 
lining being repaired each heat. 

Technological developments have been largely in the field 
of processes capable of handling the varying ores and mv 
materials which the industry must necessarily employ. Thee 
developments have included new processes for the concentn 
tion and preliminary purification by chemicai, metallurgic:! 
and mechanical means of tungsten, vanadium, columbiu" 
chromium, and manganese ores. Furnace development |i 
been toward increasing size largely in power input, for " 
contradistinction to steel metallurgy, the energy required i 
ferro-alloy production is largely used in doing chemical wor 
of reduction rather than simple thermal melting. 

Aluminothermic processes still find application in the ** 
cialized manufacture of ferrovanadium, ferrotitanium, fe 
columbium, and chromium and manganese metals. 

New products of the ferro-alloy industry commercialit 
in the last two decades have included ferrocolumbium, t™ 
gen-bearing ferrochrome and ferromanganese, a number 
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tary complex alloys for special purposes, and exother- 


be complete without reference to the pioneers who made im- 


ce fae These latter are combinations of ferro-alloys with portant technical contributions to its growth during its early 

hearth <Mimmbxidizing «gents and silicon which, when added to molten beginnings in the first decade of the century. These men in- 

thority i» Mmmetee!, develop enough energy to melt themselves. They are clude Frederick M. Becket, George Cox, Emile Darte, M. Du 
BB nployed as ladle additions and effect an alloying addition Chalmot, Franz van Kugelgen, James G. Marshall, James 

erged ay feithout temperature loss. mgs T. Morehead, Edgar F. Price, August Rossi, Byranji Saklata- 

electro No résumé of the ferro-alloy and carbide industries would walla, Frank J. Tone, and Robert Turnbull. 

1€ taphole 

large cap. 

| Electric Furnaces in the Iron and Steel Industry 

ind Vang 

the hig H. S. Newhall* 

on. Kar] 

1othern, As early as 1800, the carbon arc was used by Sir Humphrey Furnaces were powered with very small transformers, and a 

'S devisei fEDavy. This work, of course, was very primitive but did bring heat of steel took from eight to twelve hours to produce. 

nufacture flEabout the beginning of useful application of the electric are to Along with this development in the are furnace there was a 

- He dis Siindustry. parallel development in the induction furnace. Here again, the 

lloys and Not much further work was done until approximately 1876 induction furnace had its beginning during the nineteenth 

ction {yy Miwhen Sir William Siemens constructed some small furnaces century. This was first patented by Feranti in Italy in 1877, 

and othe fmmusing both the direct and indirect are principle. Electric and in the year 1900 Kjellin designed and operated a single 

m for thelllpower at that time was limited and, consequently, the de- ring furnace in Sweden. Very shortly after this, developments 

e been of Ma elopment of the electric furnace was quite slow. in Germany included more than one ring. 

bon fern Before the turn of the century, however, considerable work Many unsuccessful operations were carried out between 

shave lel Mhad been done in the development of electric furnaces for this time and the first World War. Actually, on April 25, 

mmerciy! Auminum, calcium carbide, ferroalloys, silicon carbide, and 1906, the first heat was rolled and finished into saws from an 

less thy |mephite. Both Heroult in France and Hall in the United induction furnace. This is probably the first successful opera- 

This ha Mattes developed processes for the production of aluminum, tion of induction furnaces. The greatest development in in- 

Berry ferroalloys, and steel melting. duction furnaces came when the Ajax Northrup Company 

thle peo In 1899 the first direct are furnace, designed by Heroult, developed their high frequency induction furnace, which is 

: vas installed, and in 1900 the first shipment of steel was made still one of the leading induction furnaces. 
os os from the plant using this furnace. In the next few years, the There have been many other furnaces designed, including 
ufacture 


greatest development in electric furnaces was carried on 
‘broad with most of these furnaces using the bottom contact 
principle. 

rrocolum: In the United States the first are furnace was installed by 
netals «ef Heroult at the Haleomb Steel Company in Syracuse, New 
mixture, fm York, in 1906. This was a single-phase, two-electrode, rec- 


e United 


sly to anf tangular furnace of four tons capacity. Soon after this, other 
taneous [aE (urnaces of rather limited tonnage were installed at the var- 
ith struc. 10US steel plants in the United States. It is interesting to note 
nes which “iat the first furnaces operated on steel for ingots. Not until 
ral thou. “211 was there an electric furnace installed for the production 
of steel castings. 


This is ironical in that the steel casting industry took much 
greater advantage of the electric furnace in the following thirty 
years, and during that time the electric steel casting furnace 
was by far the most prominent and important part of the 
electric furnace industry. It was not until the second World 
py. Thee HE War that the electric furnace for steel ingots became of para- 
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the field 
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oncentr i mount importance and, at the present time, the greatest 
illurgical HM capacity of electric furnaces is going into steel ingots, making 
jumbiun, @ the casting industry decidedly secondary in tons produced. 
ment has The earlier furnaces were very crude, designed with the 
it, for inf ‘mplest means of mechanical operation, selecting one or two 
quired it voltages, carbon electrodes, door charged, and with various 


ical “@ctrical connections that even astound the electrical en- 
gineers of today. A most common design on the earlier fur- 
naces included two electrodes with a live bottom; in addition, 
of course, three electrodes with or without a bottom connec- 
tion were used and so were two electrodes single-phase. There 
ire still today a few of these older furnaces in operation. 
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umber "Pittsburgh Lectromelt Furnace Corporation, Pittsburgh, 


Pennsy|vania. 


resistor furnaces, low frequency induction furnaces, single- 
electrode arc furnaces, and many others that have all had 
their try at replacing the present day are and induction fur- 
naces. However, all of these have dropped by the wayside 
except in a few isolated instances. For example, the single- 
electrode, live bottom electric furnace is still used on certain 
high temperature ferroalloy operations. 

This paper is not intended to cover electric furnaces in 
general but is only to discuss electric furnaces in the steel 
industry. The best way to cover the history of the electric 
are furnace since the first World War is to take the develop- 
ments and improvements that have been brought forth during 
these years. 

The first step was to increase the powering in the trans- 
former. Whereas the old furnace operated at around 20 to 25 
kw/ft? of hearth area, the modern furnace operates at from 
75 to 150 kw/ft? of hearth area, which enables the melter of 
today to melt down his charge at a fairly rapid rate. De- 
pending upon the size of furnace, the powering, the quality 
of the steel, and the nature of the charge, the heat time may 
last from one and one-half hours to five hours or more. 

The second most important development in the early stages 
was the use of multi-voltage transformers. At first, 90 and 
100 volts was considered to be a very good operating range 
but, as furnaces became larger, higher voltages became neces- 
sary and operators found that two different ranges of volt- 
ages were desirable for melting and refining. It was discovered 
that the conditions giving the best results, that is, high volt- 
age and high power for melting and low voltage and low power 
for refining, could be met quite well by connecting the primary 
of the three-phase transformers in delta for melting and in 
star for refining. This gave greatly improved conditions for 
both operations. 
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The first electrodes that were used were of carbon. As the 
years passed, a graphitized electrode was developed which 
would carry higher amperage. This was more expensive but it 
was found that the lower cost carbon electrodes were so phy- 
sically large that the flash from these ares harmed the side- 
walls, and costs of refractories were higher. With the graph- 
ite electrode it was possible to group these electrodes closer 
and bring the are physically nearer to the center of the fur- 
nace, thus cutting down on the are blaze on the sidewalls. 
This resulted in longer refractory life, less cost of refractories, 
and considerable improvements in the economies of steel- 
melting. 

Along with these developments came other minor develop- 
ments such as water-cooled doors in place of brick-lined doors, 
water-cooled roof rings, cooling glands to help keep down elec- 
trode consumption, water-cooled electrode clamp shoes, to- 
gether with water-cooled connections to bring the power to 
the clamp. 

As these developments were all brought forward it became 
obvious that the electric furnace had become a production 
too! and as such the accounting department was brought 
in to study this equipment. The immediate reaction was that 
furnaces were shut down too much. During this shutdown 
time, the cost of labor and overhead carried on. This forced 
the electric furnace manufacturers to design ways and means 


of increasing the load factor. 


Through this was developed the top charge furnace. Hand 
charging of furnaces took from a half-hour to several hours, 
depending on the size involved, during which time the fur- 
nace was standing idle and losing heat. Companies were pay- 
ing demand charges on their power and, by the use of top 
charging, the recharging time was cut down to from five to 
ten minutes. 

This development was accomplished quite readily but the 
accounting department still insisted that the furnace was shut 
down too much. Studying the problem, it was decided that 
time could be saved by the use of power-operated electrode 
clamps in order to cut down the time for slipping and adding 
electrodes. Today, practically all furnaces built have this 
feature. These clamps may be spring-held air release, or air- 
held air release. 

The accountants at that time were becoming fairly happy 
but a condition developed which changed their point of view. 
Scrap had become light to a point where it was impossible to 
charge the furnace with one charging bucket. In order to meet 
this, the furnace manufacturer had to increase the height of 
the side-plates of his furnace and, as time went on, the fur- 
naces got considerably higher in order to increase the volu- 
metric capacity for scrap. With conditions as they exist today, 
side-plates may have to go still higher. 

As the furnace manufacturer has had to be more strict in 
his design, he has also made his specifications to the electrical 
companies more strict. Specially designed transformers are 
now used which are very heavily braced to stand the sudden 


shocks involved in melting steel scrap. Motor-op crated ta 
changers now are available so that a minimum of tine js Use| 
to change from one voltage to another. 

The regulator, which was always the bane of the elects 
cian’s existence, has now been replaced by one which has con. 
siderably less maintenance and, in general, is always ; ACCUrate 
The old style regulators constantly had to be adjusted and 
high maintenance cost was involved in platinum-irridiyy 
contacts. 

Circuit breakers, although still not specifically designed fo, 
furnace work, are much more adaptable to electric furny, 
operations. The older circuit breaker, which was normal) 
designed for power transmission lines, was expected to hay 
four or five breaks in a month, whereas an are furnace break 
is opened and closed a hundred times a day. This put a yer 
heavy strain on the older style breakers and it was not yy 
common, many years ago, for breakers to burn out, maiy!| 
due to poor maintenance. The present-day breaker, althoug 
it still has to be maintained like any other piece of equipment 
is designed to withstand these shocks and operate withoy 
high maintenance. 

The accounting departments are still scratching their heads 
trying to figure a way to force the American manufacturer t; 
put in under-load tap changers. Actually, at the present time 
this is used considerably in Europe but has not found favor 
in the United States. Here again it is believed the accounting 
department will eventually win out. 

The history of the electric are furnace in the steel industry 
is not complete without a short discussion on electric furnace 
for the reduction of iron ores. Here in the United States, wher 
coke is inexpensive, the blast furnace has become the standar! 
pig iron production unit. 

In countries like Norway, Sweden, Italy, and Switzerlan( 
where no proper blast furnace coke is available and inexper 
sive power can be generated from the mountain streams, ele 
tric smelting of iron ores is carried out to a considerable ev. 
tent. 

Originally, electric pig iron furnaces of 20 and 30 tons dail 
capacity were in operation. Soon after the second Wor\ 
War furnaces of 50 tons were more or less standard. Toda 
100 ton furnaces, that is, those capable of tapping 100 tons i 
pig iron in 24 hours, are considered to be obsolete and fur 
naces of 150 tons to 200 tons per day are in the making. 

As these units develop in size, it may be possible that cer- 
tain areas in the United States can anc. will use electric fur 
nace reduction units to furnish a supply of pig iron to the 
smaller steel plants. 

The induction furnace has had a parallel development unt! 
today the induction furnace is a highly efficient piece of ms- 
chinery. As this paper is to cover are furnace development 
it does not seem necessary to go into any great detail wit! 
regard to induction furnaces. However, they have their plac’ 
in industry and will, in the future, be used in their specia 
applications. 
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Electric Furnaces for Melting of Nonferrous Metals 
G. H. Clamer* 


Electric furnaces for nonferrous metals may be grouped 
under two general classifications, namely: 

|. Those in which the heat is transferred to the metal from 
an outside source. 
~ 9 Those in which the electrical energy is converted directly 
into thermal energy in the metal to be heated due to the re- 
stance of current flow 


Group One 


Three types of furnaces have come into commercial use: (a) 
overhead are; (b) overhead resistors (metallic and nonmetal- 
lie); and (c) submerged solid resistors (contained within 
tubes). 

The use of the direct arc, or are upon a floating slag, was 
won abandoned because of metal volatilization. 


Fic. 1 Fig. 2 


Fic. 1. Pinch effect furnace showing cross section of a single 
electrode resistor connected with bath and direction of circu- 
lation. 

Fig. 2. Ajax-Wyatt submerged resistor induction furnace 
with u-shaped secondary (Foley type). 


The use of the overhead arc type under the name Detroit 
Rocking Furnace has come into extensive use for melting cop- 
ver base alloys with relatively low zine content and for nickel 
base alloys. The metal in the hearth must be energetically 
agitated to prevent overheating. This is accomplished by a 
rocking motion. This type of furnace owes its success to the 
fact that it is relatively cheap as compared with the high fre- 
quency induction furnace and, like that furnace, can be 
completely emptied. It can, therefore, be used like a crucible 
furnace for alternate melting of metals and alloys of varying 
compositions. 

Furnaces using external metallic resistors are successfully 
used for melting the relatively low melting point alloys. 

Furnaces using nonmetallic resistors such as Globar are 
used to a limited extent for melting or holding in the molten 
state the higher melting point alloys. 

Metallic resistors contained within nonmelting tubes sub- 
merged in a bath of liquid metal are successfully used for 
low melting point metals and alloys. 


Group Two 


Under this group, two general types of induction furnaces 


| have come into commercial use: (a) submerged resistor, using 


* President, Ajax Electro Metallurgical Corporation, Phila- 
delphia, Pennsylvania. 


normal frequency; and (6) coreless induction, using high 
frequency. 

Attempts were made to melt brass in an open ring induc- 
tion furnace. These attempts were abandoned because of the 
disruption of the circuit due primarily to “pinch effect.”’t 
Much effort and money was spent in an endeavor to develop 
a satisfactory furnace using water-cooled metallic electrodes 
to supply current directly to a column of liquid metal (Fig. 1). 
Because of failure to maintain a leak-proof hearth and exces- 
sive heat loss due to required water cooling for the electrodes, 
efforts to produce a commercial furnace were abandoned. 

A leak-proof hearth and zero heat loss due to water cool- 
ing was accomplished by the simple expedient of abandoning 
water-cooled electrodes and utilizing “pinch pressure” for 
circulation in a submerged resistor induction furnace. In a 
single-phase electrode type “pinch effect’’ furnace, two col- 
umns of liquid metal are short-circuited by the metal in the 
hearth. To convert such a furnace into an induction furnace 
it is merely necessary to join these two columns of liquid metal 
and thread a transformer through the loop which results. 
The metal in the hearth, as heretofore, serves to complete the 
cireuit (Fig. 2). Due to “pinch pressure” developed in the 
molten metallic loop the metal therein is actively circulated. 
The current conditions in respect to the diameter and length 
of the metallic loop are so proportioned that rapid heating 
results due to the resistance to current flow. Under correct 
conditions current density is of sufficient magnitude to pro- 
duce a decided “pinch effect.”” Due to the “pinch effect’’ the 
liquid metal in the resistor loop is not overheated because the 
heat is carried out to the bath by metal ejected from the 
channel of restricted dimensions. The bath in the furnace 
must be of sufficient depth to prevent actual rupture of the 
circuit by “pinch pressure.” A superimposed bath transfers 
its added heat units to the solid metal charged therein, melt- 
ing the same and adding the desired degree of superheat to 
bring it to the proper casting temperature. 

During the course of the experiments with the electrode 
type “pinch effect” furnace, the late James R. Wyatt dis- 
covered that if the molten metal'ic resistor loop (secondary 
of the transformer) was to be made angular an additional 
electromagnetic pressure was superimposed on “‘pinch pres- 
sure’ due to motor effect (Fig. 3). The use of a submerged 
return-bend angular resistor so increased the degree of circula- 
tion that such furnaces could be successfully used for melting 
high zine content brasses. 

This type of furnace was introduced during the first World 
War under the name ‘“‘Ajax-Wyatt Induction Furnace.” Prior 
to that time practically all brass in the wrought brass indus- 
try was melted in crucibles holding only 200 pounds of metal. 
The crucibles were made of clay and graphite. No satisfactory 
domestic clay or graphite was then available. Both were im- 
ported and hence strategic materials. After the imported clay 
and graphite were no longer available, crucible manufacturers 
diligently attempted to make satisfactory crucibles of domes- 
tic clay and graphite. Crucibles made of domestic materials 
at that time exhibited very short life as compared with cru- 
cibles made of imported materials. In the old crucible prac- 
tice zinc losses were high due to volatilization. It was esti- 
mated at that time that the daily zine loss in the wrought brass 
industry was 25 tons. 


t Term used by Hering to describe the action that takes 
place when a certain current density is exceeded, viz., the 
molten secondary is contracted. 
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The situation became critica] just at the time the Ajax- 
Wyatt furnace was developed to a commercial stage. The first 
furnace, powered with only 30 kw, was installed at the Bridge- 
port Brass Company, Bridgeport, Connecticut. The success 
of the original unit was such as to lead to the complete 
abandonment of the old crucible practice at that plant and 
the substitution of Ajax-Wyatt furnaces. They tore down 
their high stacks, so necessary not only for creating the proper 
draft for the fuel-fired furnaces used but also for carrying off 
into the high atmosphere the voluminous zinc oxide produced. 
The Bridgeport Brass Company advertised extensively that 
henceforth they would produce only electric furnace brass. 
A large illuminated sign on their plant has for many years 
been visible to the passengers on the New York, New Haven 
& Hartford trains. Shortly thereafter The American Brass 
Company installed a furnace powered with 60 kw. The step 
up from 30 kw to 60 kw presented new refractory problems. 


Fie. 3. Ajax-Wyatt submerged resistor induction furnace 
with v-shaped resistor showing direction of metal circulation. 


These, fortunately, were overcome without too great a lapse 
of time and The American Brass Company also, step by step, 
substituted induction furnaces for crucibles. With success of 
the induction furnace established by these two large units of 
the wrought brass industry, adoption rapidly proceeded until 
today almost 100 per cent of crucible melting has been aban- 
doned for Ajax-Wyatt furnaces. 

The size of the submerged resistor induction furnace has 
been steadily increased over the years: from the original 30 
kw furnace to 60 kw, to 150 kw, to 300 kw, and recently to 
1,000 kw. The thousand kilowatt furnace is equipped with 
three inductor units of 333 kw each and exhibits melting rate 
of 10,000 pounds per hour. It has a hearth holding capacity 
of 20,000 pounds. A modified type of Ajax-Wyatt furnace was 
developed by the joint efforts of the Scovill Manufacturing 
Company, The Scomet Company, and Ajax Engineering Cor- 
poration (Fig. 4). The following is a quotation from an article 
by L. P. Sperry, President, Seovill Manufacturing Company, 
Waterbury, Connecticut, appearing in /ron Age, December 
22, 1949: 


“Outstanding among the innovations at the new Scovill mill 
are the 5-ton per hr induction melting furnaces, shown in the 
accompanying illustrations, which feed hot metal to the con- 
tinuous casting machine. These Ajax-Scomet furnaces, of which 
two are already installed and another under way, are the largest 
used for melting brass. 

‘These furnaces, built by Ajax Engineering Corp., under 
Scomet license, are of the drum type, with a rated capacity of 


1000 kw each. Power supply is 575 v, 60 cycle three phage ys 
all phases balanced. Each furnace has a melting capacity 4 
about 10,000 lb per hr, presently being discharge: jin sy) 
lots at staggered 30-min intervals. Precision contro! of mej; 
temperatures is automatic, with permanently inseriod ther, 
couples and high-low change of power. 

“Construction of the furnace, shown in the ACCOMpanyins 
sketch, consists of an octagonal steel drum (A) provided yi 
a refractory lining (B) of prefired shapes and standard bri¢, 
Three detachable inductor units (C, D, E) each rated at » 
kw, are attached to the lower side of the drum, generating hy 
in the melting channels (F, G, H, K). The melting ehanng, 
form two secondary loops, interlaced with two primary ¢;, 
(L, M), acting as secondary winding of a short-circuited tray, 
former. The two primary windings surround a closed tray 
former coil (N). 

“The inductor units can be readily detached and replace 
without interrupting operation of the furnace. This is accoy 
plished by rotating the drum to bring the inductor requiri, 
changing above the molten metal line, thus discharging the * 
operative inductor while keeping the metal heated with 4), 
two remaining inductors. Each inductor unit has two blower 
(O) for cooling the transformer core and primary windings. 

“Efficiency of the furnaces, according to present experieng 
at Scovill, is higher than that obtained with any other ty» 
due to the great amount of power concentrated in a relatiy: 
small space. Metal holding capacity of the furnace has been »: 
duced as much as possible to facilitate rapid change of alloys 
a considerable factor in brass mill operation.” . 


The furnaces described by Mr. Sperry have now been oper 
ated 24 hours a day for a period of about two years. Duriy 
that period of operation a tremendous tonnage of brass |y: 
been melted under conditions of absolute precision and wi 
great economy. 

The Ajax-Wyatt furnace has been used principally iq 
melting copper base alloys used in the wrought brass industr 
Some have been used in foundries engaged in large producti 
of castings of a single alloy or a few alloys, all of which ca 
be modified in composition from a base alloy. Some have bee 
used for melting zine and recently installations have bee 
made in the ferrous field. 

A modified form of the Ajax-Wyatt is finding very extende 
use for aluminum melting. It is known as the Ajax-Tan 
Wyatt furnace (Fig. 5). The use of the submerged resister 
induction furnace for melting aluminum was delayed {u 
many years because it was found that the channels of th 
secondary circuit became rapidly incrusted with aluminw 
oxide. The incrustation takes place even though the suriae 
of the bath is protected by a reducing medium. The reas 
for the incrustation has never been satisfactorily explaine 
The incrustation builds up rapidly and in so doing restricts 
the cross section of the molten aluminum secondary. Wit! 
the reduction in the diameter of the secondary the tenden 
to be ruptured by “pinch pressure” increases until it is final! 
ruptured, thus breaking the secondary circuit. 

Attempts were made to clean the secondary channel ! 
means of articulated tools. Another means for cleaning t 
channels was to empty the furnace through a bung-hole » 
located that a tool could be inserted after the furnace w: 
emptied. This method of cleaning was unsatisfactory {ro 
the standpoint of efficient operation. It was only after » 
designing a furnace that the incrustation could be remove! 
from the secondary channels without emptying the furnace 
by means of a straight tool; a really successful furnace © 
sulted. Ajax-Tama-Wyatt furnaces have come into very “ 
tended use because of their cleanliness, a minimum of hes! 
dissipation into surrounding atmosphere, accurate temper 
ture and alloy composition control, and reduced meta! loss. 

Another type of induction furnace is the coreless ty) 
These are usually operated with high frequency current. Tl 
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Fig. 4. Ajax-Scomet 1000 kilowatt induction melting furnace, hearth holding capacity 20,000 pounds 
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original furnace, and the one almost exclusively in use today, 
was developed by the late Edwin F. Northrup and marketed 
under the name ‘“‘Ajax-Northrup.” The Ajax-Northrup fur- 
nace, although mainly used in the ferrous field, is also used 
in the nonferrous field. The submerged resistor type of fur- 
nace has its principal drawback in the requirement that the 
metal in the resistor channel and a bath with sufficient hy- 


Fic. 6. A sectional view of Ajax-Northrup high frequency 
induction furnace showing the magnetic field and stirring ac- 
tion of the molten charge. 


draulic head above it must be kept continuously molten, or 
for intermittent operation poured, and the furnace re-started 
with molten metal from an exterior source. The Ajax-Nor- 
thrup furnace does not require a molten secondary to act as 
a resistor. 

The hearth or crucible of the furnace is usually cylindrical 
in shape and can be completely emptied. Because of the com- 
plete emptying of the molten contents of the furnace, flexi- 
bility of operation results; viz., no contamination of the 
individual charge. A sectional view of the Ajax-Northrup 
high frequency induction furnace, showing the magnetic field 
and stirring action of the molten charge, is shown in Fig. 6. 
The electromagnetic force in the molten metal charge keeps 
the metal stirred up, quickly distributing the elements to all 
parts of the charge, insuring alloys of perfect homogeneity. 


In large production a stationary crucible is preferred. by 
in foundries devoted to making small castings a |ift col ful 
nace is preferred. Such a furnace is shown in Fig. 7, } ,,, 
sists of a box-shaped furnace shell containing the indy, 
coil. This shell is lowered by means of a hoist around q stay 
ard crucible containing the charge. When the melt is fini, 
the coil is lifted and the crucible is picked up on a shani ;, 


Fig. 7. Ajax-Northrup lift coil furnace 


pouring. Two crucibles mounted on a truck arranged wit 
end stops makes a convenient and efficient arrangement. Tix 
outside crucible receives its charge while the charge in tly 
crucible within the inductor coil is melting. After the charg 
is melted and has been brought to the proper degree of super 
heat for casting, the jacket, with the inductor coil, is lifte 
and the crucible with its solid charge is moved into the pos 
tion where the inductor coil can be lowered to embrace it 
Power of such magnitude can be applied to the inductia 
coil as to make possible melting time as low as 20 minutes! 
a red brass mixture. Many Ajax-Northrup furnaces, of bet 
fixed crucible type and lift coil type, are in commercial oper 
tion for melting copper base alloys. 
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Current Affairs 


Anniversary Meeting Expected to Set Record 


Plans for the Fiftieth Anniversary 
Meeting of the Society, to be held 
in Philadelphia, May 4th through 8th, 
are nearing completion, according to 
General Chairman Hiram 8. Lukens 
and Publicity Chairman Albert A. 
Ware. The Benjamin Franklin Hotel, 
Ninth and Chestnut Streets, will be 
headquarters for the convention which 
is expected to attract a record attend- 
ance, 

Board and committee meetings are 
scheduled for Sunday, May 4th, and 
technical sessions will begin Monday 
morning, May 5th. The registration 


E desk, will be open on Sunday evening 


from 7:30 until 10:00 P.M., and during 
the day on Monday through Thurs- 
day. 


Technical Program 


The technical program will include 
sessions on Electric Insulation, Electro- 
thermies, Instrumentation, Lumines- 
cence, Methods of Applying Phosphors, 
Rare Metals, and Theoretical Electro- 
chemistry. An added feature will be a 
special round-table discussion on “The 
Teaching of Electrochemistry.” Chair- 
men of the various symposia are en- 
thusiastie about the number and quality 
of papers to be presented, and the 
round tables being arranged. The com- 
plete technical program will appear in 
the April JourNaL. 


Plant Trips 


Once again, war is interfering with 
the traditional program of the Society’s 
convention. Because of security regula- 
tions, it has been impossible to arrange 
for trips to those. plants in the Phila- 
delphia area which would be of the 
greatest interest to electrochemists. 
It has therefore been decided not to 
schedule any formal plant trips. In 
tase any of those attending the con- 
vention desire to make a visit to a 
particular factory, the Plant Trip 
Committee will do all in their power 
o make the necessary arrangements. 


It is suggested that members write in 
advance to the chairman of the com- 
mittee, Milton P. Barba, % Leeds & 
Northrup Company, 4901 Stenton Ave- 
nue, Philadelphia 44, naming the plant 
and department they would like to 
visit, and, if at all possible, the necessary 
permission will be obtained. 


Luncheons 


The noonday hour on Monday, May 
5th, and Wednesday, May 7th, is 
being reserved for Divisional Luncheons, 
the complete schedule of which will be 
announced later. On Tuesday, May 
6th, there will be a General Luncheon, 
to which the ladies are invited. The 
speaker on this occasion will be William 
Page Harbeson, John Welsh Centennial 
Professor of History and English Litera- 
ture, of the University of Pennsylvania. 
Professor Harbeson is one of the most 
popular speakers in the Philadelphia 
area and has a wealth of interesting 
material on the early history and de- 
velopment of the City of Brotherly 
Love. 


Entertainment 


The President’s Reception and An- 
nual Banquet will be held on Tuesday 
evening, May 6th. President Ralph M. 
Hunter will deliver the Presidential 
Address, Past President Lawrence Ad- 
dicks, one of the founding members, 
will speak on the early days of the 
Society, and the annual Society prizes, 
Young Author’s Prize and Turner Book 
Prize, will be awarded. 

Following the banquet, a general get- 
together and “community songfest”’ has 
been arranged. By popular request, 
“Sweet Adeline’ will be barred from 
the program. Any members desiring to 
sing solos are requested to file their 
applications with the Entertainment 
Committee at least 24 hours in advance 
of the event. 

On Wednesday evening, there will 
be a buffet supper, following which the 
Entertainment Committee has arranged 
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a program of entertainment which will 
be fully up to the Philadelphia standard. 
Once again, for security reasons (the 
Committee’s security, that is) details 
cannot be given in advance. Suffice it to 
say that it is a program in which every 
conventioneer will participate and which 
is guaranteed to give complete relaxa- 
tion from the heavy mental strain of 
the day’s technical sessions. 


Ladies’ Events 


The Ladies’ Committee, under the 
chairmanship of Mrs. Russell P. Heuer, 
will see that the feminine portion of 
the convention is kept occupied during 
those hours when the men are busy at 
the scientific sessions. At 11 o’clock on 
Monday morning, May 5th, there will 
be a “‘Kaffee-Klatsch” where everyone 
can get acquainted and make arrange- 
ments for visits to points of historical 
interest, shopping centers, etc. It is 
hoped that in this way the visitors can 
see those features of Philadelphia which 
are of greatest interest to them. As 
technical sessions will be held on Mon- 
day evening, there will be a card party 
for the ladies at that time. 

On Wednesday, May 7th, there will 
be a trip by bus to the Huntingdon 
Valley Country Club for luncheon, at 
which Mrs. Blanche Scarlett Phelps, one 
of the country’s leading authorities on 
flower arrangement, will give a talk on 
that subject. After lunch, a visit will 
be made to the Bryn Athyn Cathedral. 
This outstanding example of ecclesi- 
astical architecture and landscaping, 
which has been under construction for 
over twenty years, is the work of a 
resident group of artisans and artists 
who produce in the adjoining workshops 
all of the stone and wood carvings, as 
well as the stained glass, used in its 
construction and ornamentation. 


Historical Exhibit 


A feature of the Philadeiphia meeting 
will be the exhibit of apparatus and 
industrial equipment used in the early 
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days of electrochemistry. The committee 
has received the loan of a number of 
noteworthy items. If any members 
have such exhibit material to add to 
this loan collection, they should write 
to the chairman, Arthur Osol, Phila- 
delphia College of Pharmacy and 
Science, 43rd and Kingsessing Avenue, 
Philadelphia 4, Pa. 


Hotel Reservations 


Indications are that the Fiftieth 
Anniversary meeting will be one of the 
largest, if not the largest, conventions in 
the history of the Society. It is therefore 
recommended that those planning to 
attend should make their hotel reserva- 
tions as early as possible. Write directly 
to the management of the Benjamin 
Franklin Hotel, Ninth and Chestnut 
Streets, Philadelphia 5, Pa. 


DIVISION NEWS 


Electronics Division 


Nominations for officers for the com- 
ing year have been submitted by the 
Nominating Committee of the Elec- 
tronics Division. The election will take 
place at the Spring Meeting in Phila- 
delphia. The slate is as follows: 

General Chairman of the Electronics 
Division—J. R. Musgrave, The Eagle- 
Picher Company, Joplin, Mo. 

Vice-Chairman for Rare Metals Group— 
D. M. Wroughton, Westinghouse 
Electric Company, Pittsburgh, Pa. 

Vice-Chairman for Luminescence Group 
—A. L. Smith, RCA Victor Division, 
New Holland Pike, Lancaster, Pa. 

Vice-Chairman for General Electronics— 
M. Sadowski, Phileo Corporation, 
Lansdale Tube Plant, Lansdale, Pa. 

Secretary-Treasurer C. W. Jerome, Sy!- 
vania Electric Products Inc., Salem, 
Mass. 

H. C. Chairman 


SECTION NEWS 
Chicago Section 


The Chicago Section met on January 
4th, at the Chicago Engineers’ Club. 
Following the dinner, Ivan C. Blake, 
Research Engineer, Burgess Battery 
Company, Chicago, addressed the group 
on the subject “A Decade of Primary 
Battery Development.” 

Mr. Blake emphasized tre- 
mendous progress achieved in primary 
batteries from the standpoint of (1) 
shelf life, (2) capacity per unit volume 


and weight, and (3) the goals to which 
present research is directed. By showing 
the status of each of the several types 
of primary cells at various times during 
the past ten years, Mr. Blake was able 
to extrapolate to the quality antici- 
pated in the next few years. 

The speaker’s assistant, Louis D. 
Foust, presented each member of the 
audience with samples of the various 
types of cells as each was being dis- 
cussed. Also, each member of the 
audience received a pocket flashlight 
powered by a pair of No. 7 cells (Bur- 
gess, of course). 

At a previous meeting, held on 
December 7th, J. P. Casey, Jr. ad- 
dressed the members and their guests on 
the subject “Corrosion as a Factor in 
Design.” 

Mr. Casey has been engaged in cor- 
rosion work for the past ten years, and 
is at present in charge of the Chemistry 
and Physics Section of the Engineering 
Laboratories of the Crane Company, 
Chicago. In his talk he gave specific 
information required to make an ac- 
curate selection of materials for various 
uses. Factors such as temperature, 
velocity of flow, etc., were taken into 
account as well as the physical and 
chemical properties of the metal in- 
volved. 

Howarp T. Francis, Secretary 


Detroit Section 


A joint meeting of the Detroit Section 
of The Electrochemical Society and the 
American Electroplater’s Society was 
held on January 4th, at the Hotel 
Statler, Detroit. 

Ralph A. Schaefer, Cleveland Graph- 
ite Bronze Company, Cleveland, spoke 
on “Some Practical Considerations of 
Current Distribution.” Dr. Schaefer 
brought a combination of practical 
experience and technical insight into 
his discussion of the problems and his 
listeners were treated to an expert 
analysis of the subject. 

A. M. Lann, Secretary-Treasurer 


New York Metropolitan Section 


“Zirconium, Its Past and Possible 
Future” was the subject of an address 
by William M. Raynor of the Foote 
Mineral Company, Philadelphia, before 
the New York Metropolitan Section, at 
its January 23rd meeting. 

Mr. Raynor has been in touch with 
the various stages in the manufacture of 
zirconium, including research, develop- 
ment, and marketing. He began his talk 
with a review of the history of zir- 
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conium, pointing out that it is not }, 
any means rare—zircon oeeyy 
almost every beach—but that j, 
metallurgy is very difficult. The prog. 
essing of zircon (ZrSiO,) to soluble salt 
was considered; this is practically the 
only commercial source, since Sout) 
American deposits of zircite 
have not proved economical. j 

The first commercial zirconium met) 
was a powder produced by Foot, 
Mineral Company, he said, beginning 
in 1930, by the magnesium reduction oj 
This powder was useful jy 
pyrotechnics, photoflash formulations 
and the like, but was too pyrophorie {or 
general application and attempts t 
work it up into ductile metal by powder 
metallurgy techniques were not success. 
ful. This product is still made, caleiyn 
now being used instead of magnesium 
for reduction. 

The manufacture of ductile meta! 
awaited the perfection of the de Boer. 
van Arkel iodide process, Mr. Raynor 
stated, patents for which were pw- 
chased by Foote. A project was spon 
sored at Battelle Memorial Institute 
with the aim of transferring this proces 
from small-scale glassware to mor 
commercial equipment, and in 1945 the 
Foote Mineral Company offered ductile 
zirconium at the initial price of $650 
per pound. 

Mr. Raynor pointed out that the 
Kroll process (magnesium reduction o/ 
the tetrachloride) now competes with 
the iodide: it is cheaper, but so far has 
not produced as good a grade of metal. 

Ductile zirconium has many inter. 
esting properties, the speaker said, 
including good corrosion _ resistance 
(better in general than titanium) and 
extremely high sensitivity to gases 
which makes it useful as a getter. 
Voiumetrically, it is about as expensive 
as tantalum, to which it is superior in 
resistance to alkalies though not % 
good against acids. Its high-temperature 
properties are not outstanding. 

Commercial zirconium contains about 
2 to 3 per cent of its sister meta! 
hafnium; when the hafnium is re 
moved, the resultant pure zirconiu 
has interesting possibilities in the 
atomic energy field. 

The present status of the zirconium 
market, the speaker said, seems to be 
that a metal with some very promising 
properties and potentialities is available, 
but the price is still high (about $11! 
per pound for iodide and $30 for Kroll 
process) and no very large-scale applica 
tions are predicted for the immediate 
future. 
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The s)vaker concluded by describing 
the macliining and handling of iodide 
irconiun, and exhibited many inter- 
esting including actual “‘hair- 
pins” of zireonium and titanium, a 
sample o! pure hafnium, various articles 
of zirconium such as sheet and wire, 
and a sample of iodide silicon. The 
iodide process is, of course, capable of 
application to many elements, and the 
silicon made by this method promises 
applications in the field of semicon- 
ductors, comparable in some respects 
to germanium. 

A large turnout kept the speaker on 
his feet for some time answering ques- 
tions. Of particular interest was discus- 
sion offered by Dr. W. C. Lilliendahl, a 
pioneer in the rare metals field. 

F. A. Lowennet, Secretary-Treasurer 


Niagara Falls Section 


On January 15th, Dr. Ralph M. 
Hunter, president of The Electrochemi- 
cal Society, spoke before a joint meeting 
of the Niagara Falls Section of the 
Society, and the Western New York 
Section of the American Chemical 
Society. His topic, ‘What the Pioneers 
Missed,” was enthusiastically received 
by an unusually large audience. 

An abstract of Dr. Hunter’s talk 
follows: 

The pioneers of electrochemistry, as 
exemplified by Beekett, Burgess, Dow, 
Fitzgerald, Acheson, and Tone, dis- 
covered vast fields and established great 
and useful industries. The growth of 
the processes they developed is ample 
proof of their scientific and economic 
soundness. Their manufacturing facili- 
ties were simple, and they changed 
them each time they discovered a new 
fact. In the majority of cases improve- 
ments were made by those who followed, 
and in some eases the processes are 
successful because of skillful avoidance 
of unsolved technical problems. From 
experience with several processes estab- 
lished by the pioneers, the speaker 
suggests that many explanations are 
lacking for various phenomena suc- 
cessfully used. 

Castner’s mercury cell operates very 
much as Castner conceived it, except 
lor benefits received from improved 
materials, but many of the difficulties 
he encountered are still unsolved. 


LeSeur’s alkali chlorine cell with as- 
bestos diaphragm still operates with 
reasonable suecess. A vast improvement 
in it was made by the Hooker Com- 
pany’s drawn diaphragm, but many of 
the data required for mathematical 
Solution of its behavior are lacking. 


CURRENT AFFAIRS 


In electrolytic magnesium production 
cathode behavior is still mysterious, 
and the difficulties are avoided but 
not solved. How then does such a 
backward group of industries, although 
mature, continue to grow as rapidly as 
many younger industries? 

The electrochemical industries are 
too well adapted to grow by small-step 
experimentation. The units are small 
and relatively inexpensive. Experi- 
ments are cheap. The electrochemical 
section of a $20,000,000 chlorine plant 
can be steadily improved by a series of 
experiments involving less than $10,000 
worth of its equipment and at the risk 
of losing less than $100 worth of product 
per day. However, if a few tubes in 
one of its boilers or if one of its evap- 
orators should need extensive repairs, 
the product loss is enormous and 
$10,000,000 worth of equipment stands 
idle. 

It would appear that the best litera- 
ture and published engineering data are 
found in those industries in which large 
units are used and generally purchased, 
whereas, the men who develop their 
own equipment are neither required, nor 
encouraged, to publish and develop 
extensive engineering formulae. 


Electrolytic chlorine’s __ scientific 
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growth through 55 years of economic 
struggle, accentuated by a brief flash as 
a military weapon, is certainly primitive 
compared with the so-called atomic 
weapons, where successful plants ex- 
ceeding our largest in magnitude are 
designed on a few micrograms of 
material, or an observation of a few 
degrees of temperature rise. 

Yet, since their birth, the output of 
chlorine, aluminum, magnesium, elec- 
tric steel, graphite, and other electro- 
chemical products has doubled about 
every seven years. 

H. R. Oswap, Secretary 


Philadelphia Section 


The Philadelphia Section held its 
second meeting this season on January 
9th at the University of Pennsylvania. 
Members and guests of the Society met 
the guest speaker, Dr. Britton Chance, 
at an enjoyable dinner gathering held 
at the Lenape Club prior to the meeting. 

Dr. John F. Gall, Section Chairman, 
introduced Dr. Britton Chance, Direc- 
tor of the Johnson Research Founda- 
tion, University of Pennsylvania. Dr. 
Gall pointed out Dr. Chance’s versatile 
background ineluding chemistry, elec- 
tronics, and biology, and that he is also 
inventor of an automatic ship-steering 
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mechanism. Dr. Chance is well known 
for his work in enzyme chemistry and 
in particular for having developed 
methods for measuring the kinetics of 
rapid enzyme reactions. 

Dr. Chance spoke on the subject, 
“The Mechanism of Enzyme Action.” 


Horseradish peroxidase, he said, which © 


can be obtained as a stable crystalline 
enzyme, is an effective catalyst for the 
oxidation of many organic molecules by 
hydrogen peroxide. The absorption 
spectrum of the system changes during 
the reaction as the enzyme forms com- 
plexes with hydrogen peroxide. 

Dr. Chance described instrumenta- 
tion which he has devised for the 
simultaneous measurement of light 
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intensity at two wavelengths and the 
oxidation potential in a “rapid flow” 
apparatus. By this method, at least 
two porphyrin-H,O, complexes have 
been detected during the reaction whose 
half-life is a few milliseconds. Informa- 
tion concerning rate constants for con- 
secutive reactions was interpreted with 
the aid of an analogue computer, also 
designed by Dr. Chance. Two one-elec- 
tron steps are indicated by magnetic 
susceptibility measurements, the second 
step being rate-determining. The tech- 
niques, the speaker said, are being 
extended to oxidation systems which 
involve cytochromes and nucleotides 
in living cells. 

Following the talk, the 40 or 50 
persons in attendance were invited to 
visit the laboratories of the Johnson 
Research Foundation. Small groups 
were formed, and the members of the 
staff gave very interesting expositions 
of the various phases of the work being 
conducted. High spots were, of course, 
the kinetics apparatus and the analogue 
computer used in the reaction rate 
studies, and also, stereoscopically pro- 
jected pictures taken by Dr. Thomas F. 
Anderson with the electron microscope. 

(The abstract of Dr. Chance’s talk 
was prepared by John E. Baer. An 
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abstract of Mr. Snowden’s talk, given 
before the Philadelphia meeting of 
November 7th and appearing in the 
January JOURNAL, was prepared by 
R. D. Eanes.) 

Epe@ar L. Secretary 


Washington-Baltimore Section 


A very interesting panel discussion 
on the “Electrowinning of Metals” took 
place at the December 20th meeting of 
the Washington-Baltimore Section, at 
the National Bureau of Standards. 

This program was arranged by R. 8. 
Dean of the R. 8S. Dean Laboratories 
and included, besides himself, talks by 
Oliver C. Ralston and David Schlain of 
the U.S. Bureau of Mines. 

Mr. Ralston reviewed the develop- 
ment of methods for electrowinning of 
zine, starting during World War I with 
no production and coming to the present 
time when two-thirds of the supply is 
produced by  electrowinning. He 
pointed out that the higher purity of 
the electrowon product justified the 
higher cost when purity was important. 
He also described a recent development 
by Glen Ware at the Albany Station, 
which will make it possible to use 
cathodes at least two weeks before 
stripping whereas now this has to be 
done each day. This can be accom- 
plished by simply reducing the level of 
the electrolyte a small amount each day 
and thereby reducing corrosion at the 
electrolyte level. 

Dr. Schlain described his work in 
developing methods for refining anti- 
mony in the presence of gold and silver. 
He was able to obtain an efficiency of 
99 per cent with a bath containing 84 
g/l of SbCl; and 53 g/l of HySO, at a 
current density of 6 amp/ft.2 By using 
a more concentrated SbCl; solution he 
was able to increase the current density 
to 20 amp/ft.? 

Dr. Dean briefly reviewed the de- 
velopment of, and the present status 
of, the electrowinning of chromium and 
manganese. 

The January 17th meeting of the 
Section was held at the National Bureau 
of Standards and was devoted to the 
subject of “Batteries.” Samuel Eiden- 
sohn, of the Bureau of Ships, Navy 
Department, as chairman for this 
program, introduced the two speakers. 
D. T. Ferrell, Jr., of the Naval Ord- 
nance Laboratory and Frank Solomon 
of the Yardney Laboratories, Inc., New 
York, N. Y. 

Dr. Ferrell discussed some of his 
recent work dealing with the reactions 
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of the dry cell which had be: Carrie 
out at Duke University, ind the, 
reviewed the more or less acceptaj 
ideas of what constitutes the reactions 
which take place in a dry cell bo) 
during stand and discharge. 

Mr. Solomon described as well , 
illustrated the characteristics of thy 
only new storage battery that has bee 
developed in many years. This batter, 
uses the well-known couple betwee 
silver oxide and zine and was fips 
made practical by André in France 
after many had tried and failed, This 
cell is now being further developed and 
manufactured by the Yardney Electric 
Corporation in this country as well gs 
in Europe. The cell, while somewhg 
limited in life, is capable of capacities 
up to 50 whr per pound at high discharge 
rates. Mr. Solomon indicated that , 
number of problems must be solved 
before the capabilities of this batten 
can be fully utilized. 

An interesting discussion period {o- 
lowed each of the above talks. 

J.C. Wurre, Secretary-Treasure 


PERSONALS 


Raymonp F. Leprorp is now en- 
ployed at Sunbeam Corp., Chicago, « 
superintendent in charge of finishing 
Mr. Ledford was formerly with Hansov- 
Van Winkle-Munning Co., Chicago. 


Henry A. Srrow has resigned « 
chief chemist of MacDermid, [ne 
Waterbury, Conn., to become president 
of True Brite Chemical Products (o. 
Oakville, Conn. 


Donato C. Gernes has joined the 
research staff of the Kaiser Aluminum 
and Chemical Corp., Permanente, Calif, 
as staff engineer (chemical). 


F. H. Epewman has left the Inter- 
national Resistance Co., Philadelphia 
Pa., to accept a position as technica! 
director of Electronic Devices, Inc 
Brooklyn, N. Y. 


P. A. Porecua, who had been locate! 
in Bombay, India, is now at Tats 
Chemicals Ltd., Mithapur, Saurasht~ 
Rly., Okhamandal, India. 


Frank C. Smyers has been promote 
to assistant manager, from assistant \ 
the superintendent, at U.S.S. Lead 
Refinery, Inc., Hammond, Ind. 


Emery Mescurer has been mate 
Research Manager of the Parlin Labor 
tory of the Photo Products Departme', 
E. I. du Pont de Nemours & Co., 10°: 
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arlin, N. J. Mr. Mesehter was pre- 
ously located at the company’s plant 
n Towanda, Pa. 


H. National Carbon 
+». has been transferred to the New 


By ork office, Electrode Sales Division, 


1: 292 Madison Ave., where he is in 
harge of the Technical Sales Service 
nd Development Department. Mr. 
‘happell was previously in the Niagara 
Falls plant as electrothermic engineer in 
he Electrode Service Engineering De- 
yartment. 


Joun G. Dean is now a chemical 
esearch consultant with headquarters 
bt 8 Beaumont Circle, Tuckahoe, N. Y. 
je was formerly with The International 


Mickel Co., in charge of the Industrial 


‘hemicals Section, Development and 
tesearch Division. 


R. M. Burns has been named 
‘hemieal Coordinator in addition to 
is duties as Director of Chemical and 
fetallurgical Research at Bell Tele- 
hone Laboratories. Dr. Burns has been 


sssociated with the chemical activities 


the Laboratories since 1922. 


ArnoLp D. Arnaut has left Sylvania 
‘lectrie Products Inc., Bayside, N. Y., 


Mm. become associated, as a sales engi- 


CURRENT AFFAIRS 


neer, with the Eastern Sales Division of 
the Denver Equipment Co., New York, 
N.Y. 


JosepH E. Drapeau, Jr., has left 
Metals Refining Co., Hammond, Ind., 
to join the Glidden Co., also of Ham- 
mond. 


Crype A. of Graham, 
Crowley & Associates, Inc. Chicago, 
received from the Department of the 
Army a Certificate of Appreciation for 
patriotic civilian service during World 
War II, and specifically for his services 
on the technical industrial intelligence 
committee of the Joint Chiefs of Staff. 
The award was made on January 16th. 


ADOLPH BREGMAN 


Adolph Bregman, consulting engineer 
and metallurgist, died at his home in 
New York City, on October 4, 1951. 
He was 61 years old. 

Mr. Bergman was a former managing 
editor of The Metal Industry, and had 
been executive secretary of the Masters’ 
Electro-Plating Association since 1933. 
He was the author of many articles in 
technical and industrial fields, and was 
co-author of the text “Finishing Metal 
Products.” He had been a member of 
The Electrochemical Society since 1941. 


NEW MEMBERS 


In January 1952 the following were 
elected to membership in The Electro- 
chemical Society: 


Active Members 


RicuarD 8. Baxter, Socony Vacuum 
Oil Co., P.O. Box D., Trenton, Mich. 
(Corrosion) 

G. Carerson, Westinghouse 
Electric Corp., mailing add: 611 
Springfield Ave., Cranford, N. J. 
(Electronics) 

Paut P. General Motors 
Truck & Coach Division, mailing 
add: 2439 Ridge Rd., Pontiac 17, 
Mich. (Electrodeposition) 

Wituiam C. Cocuran, Aluminum Re- 
search Labs., New Kensington, Pa. 
(Electrodeposition) 

Dwieut E. Coucn, Chemical Bldg., 
Rm: 114, National Bureau of Stand- 
ards, Washington 25, D.C. (Electrode- 
position) 

Bram C. Fetpman, General Electric 
Co., mailing add: 171 Genesee Park 
Dr., Syracuse 3, N. Y. (Electronics) 

HeELLMvTH Fiscuer, Siemens & Halske 
AG, Postschliessfach 497, Karlsruhe / 
Baden, Germany (Corrosion, Electric 


A 0 year old reaction... 


Still going strong 


(ELECTROCHEMICAL SOCIETY) 


Celebrating its 50th anniversary, the Electro- 
chemical Society can feel proud of the part it 
has played in stimulating the technical devel- 


(ELECTROCHEMICAL INDUSTRY) 


opment of the electrochemical industry. 


Cyanamid’s roots are deep in that progress 
and development... When the society was 
only five years old, Cyanamid became the 
first company in North America to use nitrogen 
fixation and to produce calcium cyanamide. 


Cyanamid, too, has steadily expanded and 
today manufactures a multitude of products: 


drugs, dyes, pigments, plastics, and a wide num- 
ber of industrial chemicals for the paper, petro- 
leum, rubber, leather, paint and textile fields. 


(TECHNICAL PROGRESS) 
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Insulation, Electrodeposition, and 
Theoretical Electrochemistry) 

Joun 8S. Gerrarp, Kuwait Oil Co., 
mailing add: 10, 9th St., North, 
Ahmadi, Kuwait, Persian Gulf (Cor- 
rosion and Theoretical Electrochemis- 
try) 

Joun A. Gurkuts, Battelle Memorial 
Institute, mailing add: 41 W. Frambes 
Ave., Columbus 1, Ohio (Corrosion, 
Electrodeposition, Industrial Elee- 
trolytic, and Theoretical Electro- 
chemistry) 

Isuino, Osaka University, Fac- 
ulty of Engineering, 9-chome, Hi- 
gashinoda machi, Miyakojima ku, 
Osaka City, Japan (Battery, Cor- 
rosion, Electrodeposition, Electro- 
thermic, Industrial Electrolytic, and 
Theoretical Electrochemistry) 

Wituram G. James, General Electric 
Co., mailing add: 2412 Malden Rd., 
Cleveland 21, Ohio (Electronics) 

JatinpeR Kapur, D.C.M. Chemical 
Works, P.O. Box 1211, Delhi, India 
(Electrothermic and Industrial Elec- 
trolytic) 

Donato E. Rirzema, Dow Chemical 
Co., mailing add: 40 Rosemary Ct., 
Midland, Mich. (Electrodeposition) 

STantey E. Ronowerz, Bjorksten Re- 
search Labs., Inc., mailing add: 323 
W. Gorham St., Madison, Wis. 
(Battery) 

Sarnpas P. Sarvani, D.C.M. Chemical 
Works, mailing add: 4, D.C.M. 
Bungalows, Rohtak Road, Delhi 6, 
India (Battery, Electric Insulation, 
and Industrial Electrolytic) 

FRANKLIN C. Snowpen, Leeds & 
Northrup Co., 4901 Stenton Ave., 
Philadelphia 44, Pa. (Electronics and 
Theoretical Electrochemistry) 

K. Srinivas, The Mysore Electro- 
chemical Works Ltd., Post Bag No. 1, 
Bangalore 2, India (Battery and 
Electrodeposition) 

RAMASWAMIYA SuBRAMANYAM, D.C.M. 
Chemical Works, P.O. Box No. 
1211, Delhi, India (Electrothermic 
and Industrial Electrolytic) 


Associate Members 


PatraMapA A. CHencappa, D.C.M. 
Chemical Works, mailing add: Flat 
20, Sri Ram Bldgs., Jawaharnagar, 
Delhi 7, India (Industrial Electro- 
lytic) 

Epwarp F. Forey, Jr. Columbia 
University, mailing add: 170 Cam- 
bridge Ave., Jersey City 7, N. J. 
(Corrosion, Electrodeposition, and 
Theoretical Electrochemistry) 

L. SuBRAMANIA Pitta, The Mettur 
Chemical & Industrial Corp., Ltd., 


Udyogamandal P.O., Alwaye, South 
India (Corrosion, Industrial Electro- 
lytic, and Theoretical Electrochemis- 
try) 

O. Ratuse, General Electric 
Co., 1099 Ivanhoe Road, Cleveland 
10, Ohio (Electronics) 


Student Associate Members 


Arritio L. Bisio, Columbia University, 
mailing add: 25-20 2ist St., Long 
Island City 2, N. Y. (Corrosion, 
Electrodeposition, and Theoretical 
Electrochemistry.) 

RicHarD GLicksMAN, New York Uni- 
versity, mailing add: 492 Kosciusko 
St., Brooklyn 21, N. Y. (Corrosion 
and Theoretical Electrochemistry) 

LAWRENCE R. ScuarrstTern, New York 
University, mailing add: 1466 49th 
St., Brooklyn, N. Y. (Corrosion) 


MEETINGS OF OTHER 
ORGANIZATIONS 


CuicaGo INTERNATIONAL TRADE Farr, 
Navy Pier, Chicago, March 22- 
April 6. 

AMERICAN Society OF MECHANICAL 
ENGINEERS, spring meeting, Seattle, 
Wash., March 24-26. 

GREATER New York Sarety Councit, 
22nd annual safety convention «& 
exposition, Hotel Statler, New York 
City, April 1-4. 


BOOK REVIEW 


Fivuortne AND Its Compounps by 
R. N. Haszeldine and A. G. Sharpe, 
Methuen’s Monographs on Chemical 
Subjects. Published by John Wiley & 
Sons, Inc., New York, 1951. 153 
pages, $1.75. 

Prior to 1940 very few compounds of 
fluorine had found general use. Then, 
motivated by the urgency of the early 
phases of atomic energy development, 
a vigorous research effort rapidly over- 
came many thorny problems of fluorine 
technology. Today, elementary fluorine 
is an industrial chemical while wide- 
spread applications have been found 
for the remarkable properties of many 
of its derivatives. 

Naturally, it is difficult for those not 
directly associated with a field of such 
rapid growth to keep abreast of the new 
developments. It was apparently with 
this in mind that Haszeldine and 
Sharpe have offered, in monograph 
form, a concentrated collection of the 
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pertinent facts on “Fluoi ne and 
Compounds.” The author: cheery 
concede that such a sm:i|! book 
mere 153 pages—on such a |:irge Subjed 
cannot of necessity be fully Compre 
hensive. They do, however, provi 
liberal sprinkling of referenves on 4, 
important work published before 4, 
middle of last year and include 4, 
newly introduced electrocheiica) 
thesis of fluorocarbons. 
F. H. Winsyy 


LITERATURE 
FROM INDUSTRY 


BuFFING AND POLISHING 
Beautifully illustrated 1952 catalog, 
picturing the various types of butting 
and polishing wheels, is now ready { 
distribution. F. L. & J. C. Codman ( 

Mersops. Ney 
20-page manual outlining methods {i 
the analysis of copper and lead | 
electroanalysis is available. The metho 
and extensive bibliography are a pr 
uct of research at Battelle Memor 
Institute. Prepared by Eberbach (Cor 

Nopatrons. New catalogue giviy 
full descriptions and up-to-the-minu 
ratings and specifications of the com 
pany’s entire line of standard “Nol 
trons” (electronically regulated | 
power sources). Sorensen & Co., Inc 

Tuses, Execrronic Equipwen 
1952 edition of the pocket referene 
book describing RCA tubes, electron 
components, test equipment, battens 
and miniature lamps. Includes data « 
characteristics interchangeability, a 
socket requirements of more than 4) 
receiving tubes, similar data on 75 dn 
batteries. RCA Tube Department. P-1! 


To receive further information | 
on any product or process listed | 
here send inquiry, with key num- 
ber, to JOURNAL of The Electro- | 
chemical Society, 235 West 102nd 
Street, New York 25, N. Y. 


Please print your name and ad- 
dress plainly. 


ERRATUM 


In the technical article by 8. 1 
Henderson and P. W. Ranby, in 
December 1951 Journax, there 
misprint in the equation on page + 
just below Fig. 4. It now reads: / =! 
exp 5{—a(v — vo)?}. It should res 
I = Ioexp | -a(v — v)*}. 
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The Electronics Division of the Society 


Orv THE 50th Anniversary, Divisions of the Society 
may well take stock of their progress. In the good old days, people wore 
red flannels because homes and offices were not adequately heated. Steak 
at one time cost only twenty cents or twenty-five cents per pound, but 
laborers at that time received only one dollar per day for ten hours of work. 
Today steak might cost one dollar per pound but the laborer receives ten 
dollars per day for eight hours of work. In basic terms of time and labor, 
steak is now only half as expensive. Even if this were not true, who would 
really like to give up the automobile for rides on a horsecar? Who would 
do without electric lights and carry an oil lamp from room to room, and 
live in an uninformed world without radio, vitamins, improved sanitation, 
or better medical care? The answer is evident. Much has been gained in 
50 years. Of course, our predecessors did not know what they were missing. 
Improvements have not come merely because of an abundance of natural 
resources but they have come because men, by diligence, have learned to 
use those resources more effectively. Experimentally determining how to 
use our resources effectively is called “research.”’ 

At the beginning of the century both the electrical and the chemical 
industries were growing with great rapidity and this society was formed to 
foster developments in fields between the two. It is with pride that we can 
now view some of the preliminary results. 

In 1902 the electric lamp was already recognized as a source of light 
but it was fragile, since a slight bump or vibration would break it. Its 
efficiency was poor and due to the low temperature of filament operation it 
gave much heat and what is now considered relatively poor light, largely 
due to the lack of radiant energy in the blue end of the visible spectrum. 
Ideally, a general purpose lamp should be a diffuse source of light so as not 
to cast deep shadows, and should have a spectral distribution at least some- 
what like sunlight. It is gratifying that today, due in part at least to the 
members of this Division, fluorescent lamps are now many times as effi- 
cient as the old carbon filament lamps. These are relatively large sources 
of light and articles have more or less the same colors as in daylight. Thus, 
progress has been made but we will not be satisfied until a light source is 
found with practically 100 per cent efficiency, with both quality and quan- 
tity so improved that natural sunny conditions will prevail irrespective of 
time or location. 

Modern trends are toward cooperation and mutual aid. At first such 
diverse subjects as Luminescence, Rare Metals, and Instrumentation might 
not seem to be closely related. A fluorescent lamp coating, however, con- 
tains rare metal compounds as in the germanate type; the lamp contains 
tungsten filaments which carry electron-emitting compounds. On occasion 
rare metals are used for gas clean-up during exhaust. Operation of the 
lamp involves electron emission and gaseous conduction. Photoelectric 
cells and meters are used for measurement of light output and fluorescent 
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Editorial (continued) 


lamps require starting switches and current-limiting auxiliary equipment. 
Thus it is that the fluorescent lamp is in part the problem of all three 
sections of the Electronics Division. From pooling of ideas and efforts 
within the Division, we may expect a more rapid advance in the future, 

The rare metals are gradually taking their place in our daily lives. The 
time has already arrived when heating of buildings is being attempted by 
means of atomic energy from uranium. The tremendous military value of 
this metal is now proved fact. It is quite possible that other rare metals 
may be used for these purposes, but little was known about any of them 
when this Society was organized. Beryllium is also used in atomic energy 
work. Zirconium now has a definite place in the medical field and its great 
resistance to attack by acids will undoubtedly make it useful for many 
purposes. Titanium is slightly more than half as heavy as iron or steel and 
due to its good room-temperature strength when alloyed, it offers many 
structural possibilities. Germanium has, in like manner, found its way into 
the medical field and industrial applications in the production of transis- 
tors. Vanadium hes now been produced in ductile form in the laboratory 
and who can tell when or how this metal may become an article of com- 
merce? Pure, ductile, solid chromium is still a subject for research even 
though tremendous quantities of chromium plate are used daily by every- 
one. The task will not be completed until all of these rare metals are read- 
ily available and their potentialities determined. 

It might be stressed that improved laboratory instruments have pro- 
duced better measurements, made new products possible, and greatly 
reduced the time and labor of experimental work. Who would have the 
fortitude to attempt to exhaust large-sized furnaces or fluorescent lamps 
with the old hand-operated Toepler pump, or who would insist on sub- 
stituting a gas-fired pot furnace for a modern high frequency oscillator 
when this is needed? 

After fifty years on the front lines of research on electrical and rare 
metals problems, we have found that great new improvements are not 
bitter pills to swallow but always seem to make life easier and more com- 
prehensive. Those who sigh and wish life were less complicated are simply 
admitting that they have failed to select from our great abundance the 
proper quantity they are able to digest and enjoy satisfactorily. Would 
anybody really want to step back half a century? 

Four papers have been prepared to show how the Electronics Division 
has developed and to indicate the contributions it has made to the fields 
of Luminescence, Rare Metals, and Instrumentation. The first two of these, 
referring to the history of the Division and the growth of Luminescence, 
appear in the present issue. The other two, having to do with Rare Metals 
and Instrumentation, will appear next month. At that time, Former Presi- 
dent Lawrence Addicks, one of the founders of the Society, will take the 
Editorial page. 

These papers indicate more than just so many technical publications. 
They show that the Electronics Division has had officers who have worked 
unstintingly to promote successful meetings and maintain the interest so 
necessary for good programs. The authors of scientific contributions con- 
stitute a list of practically all of the great leaders in their fields. 

Thanks are due to the many members who have aided in assembling 
these papers. J. R. Musgrave and Keith H. Butler submitted written 
scripts, parts of which have been included. —J. W. MarpEn 
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HISTORY OF THE ELECTRONICS DIVISION OF THE 
ELECTROCHEMICAL SOCIETY 


John W. Marden* 


The birth date of this Society marks well the beginning 
‘the tremendous developments that have taken place in 
he electrical field. The first two decades of the 20th Century 
ere periods which saw the development of radio activity 
iscovered by Beequerel in 1896), electronic emission 
Richardson 1901-1905), basic conceptions of electrical con- 
uetion, and the structure of the atom. The Electrochemical 
ciety was organized at the beginning of this period and it 
ould well be that our predecessors were far-seeing men who 
ognized the tremendous effect such discoveries were to 
have on scientific development. 

(Great industrial research laboratories were established 
juring this period. Many of these were electrical in nature. 
Also, during this time the students who studied electrochem- 

try were trained in physical chemistry. Thus, it came about 
hat the members of our Society became not only interested 
» electric furnace production of metals and chemicals or in 
lectroplating, as measured by weight of deposit or in cou- 
mbs, but also they were interested in the fundamental proc- 
bsses of conduction. 

Toward the latter part of the second decade, scientists 
vere engaged in critical studies of electron emission and con- 
luction of electricity through gases. At first, it appeared that 
hese fields of activity were strictly those of the physicist 

ut it soon developed that many of the problems were chem- 
cal in nature. In 1920 few three-element vacuum tubes were 
n the market. Everyone knows that in 1930 household radios 
were a necessity. In like manner, are lamps and gaseous dis- 
rharge devices were being studied in the laboratories in 1930. 
A few years later mercury and fluorescent lamps were com- 
mon to everyone. 

All of these electronic devices used thoriated, or oxide 
roated cathodes and the electrochemist has contributed 
generously to their development. The physicist studied elec- 
tron emission and, with help from the electrochemist, studied 
gaseous discharges; it was the electrochemist who, in addi- 
tion, had the problem of developing luminescent coatings. 
It is the eleetrochemist who has carried this work into the 
field of luminescent sereens so necessary for the development 
of television. 

The production and studies on metals, like thorium, used 
lor electron emission beeame of prime importance to elec- 
trochemists. As a result, the development of the rare metals 
has been phenomenal. Thorium, uranium, zirconium, and 
titanium: have been known for 100 years, but only as impure 
powder until intensive work was started at about the time of 


* Molybdenum Development Department, Westinghouse 
Heetric Corporation, Bloomfield, New Jersey. 
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World War I. Since then the iodide process for zirconium and 
other metals, electrolytic methods for producing powder from 
fused baths, the calcium methods for reducing oxides, and 
excellent methods for reducing chlorides with magnesium 
have all been perfected. Rare metals were, for most chemists, 
names only in 1920. Today large quantities of most of these 
metals are being commercially produced. 

As will be recognized later, members of the Society were 
quick to realize the importance of these new subjects; 
publications on selenium, for example, are to be found in our 
journals as early as 1903. Many individual papers of similar 
nature were published as time went on. The first symposium 
on Rare Metals was held in New York in 1923. 

Since the members of this Society were called upon to con- 
tribute to this rapid development, they needed a separate 
division to sponsor their scientific and technical programs. 
A demonstration (at the Columbus Meeting in 1939) of 
fluorescence and phosphorescence with an ultraviolet lamp, 
some pieces of cloth and minerals, brought an immediate 
demand for sessions on luminescence and fluorescence as they 
applied to electrochemistry. 

In order to meet this need, to offer a place where scientific 
discussions could be held, a division was finally formally or- 
ganized within the Society called ‘The Electronics Division.” 
The object of this division, as stated in the bylaws, is “to 
encourage education, training, research, and publication in 
the field of Electronics; to organize and promote formal and 
informal discussions in the field, and to cooperate with other 
sections of The Electrochemical Society.” Symposia were or- 
ganized on such subjects as photoelectric effects, thermionic 
emission, and fluorescence. 

The evolution of the Electronics Division has been slow 
and not without some difficulties. Basic conceptions of matter 
have changed during the life of the Society from the point of 
view of elements consisting of atoms which were as indivisible 
as wooden balls strung on wires, to the nebulous stellar system 
atoms consisting mostly of voids in which electrons are al- 
ways in motion. It has not been easy to show how these af- 
fect electrochemistry. 

On one occasion the question of gaseous conduction was 
claimed not to be electrochemistry until it was pointed out 
that hydrogen ions were quite different chemically from hy- 
drogen molecules and they were produced electrically. Hy- 
drogen ions in aqueous solution, move more slowly than hy- 
drogen ions in gaseous state. The hydrogen ion in solution, 
however, is burdened no doubt by many water molecules 
either attached to it or interfering with its progress. It has 
often been stated that the subject of luminescent coatings is 
not electrochemical, yet the coating is made by blending 
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and heating processes, normally chemical, and the lumines- 
cence is produced by electrical means. 

The same personnel who had problems in fluorescence were 
those who had problems in making rare metals or compounds 
thereof for photoelectric emission or thermionic emission, so 
that both the subjects of fluorescence and rare metals were 
of interest to the same scientific group. Therefore, when the 
Electronics Division was formally organized, it was sub- 
divided into three groups—General Electronics, Fluorescence, 
and Rare Metals. Even though this division has been or- 
ganized but a few short years, the term “Fluorescence” has 
had to be changed to “Luminescence” to cover the newer im- 
portant fields of luminescent screens and phosphorescence. 

At the Columbus Convention, an informal Electronics 
Group decided to attempt to have a symposium on fluores- 
cence. It was felt that a symposium on this subject once every 
two years would be sufficient and one was held in Cleveland 
in 1941. In 1943 at Pittsburgh there were not only papers on 
photoelectric effects but also several relating to fluorescent 
lamps. It was agreed at the Pittsburgh meeting that the next 
symposium, in Philadelphia, should have more papers of 
fundamental importance on the subject of fluorescence and 
fluorescent lamps. In 1947, at Louisville, in spite of a rela- 
tively small attendance, there was sufficient interest for the 
division to arrange for symposia annually which could in- 
clude all three fields, General Electronics, Luminescence, and 
the Rare Metals. 

For several years a committee was active in the revision of 
the bylaws of the Electronics Division. These bylaws were 
submitted to the Board of Directors of the Society at their 
meeting of December 3, 1949, and were approved as sub- 
mitted. Because of the diversity of interests within the Divi- 
sion, and in aceordance with the sentiment expressed at the 
Columbus meeting of 1948, the new bylaws provide for the 
election of several vice-chairmen, each of whom will represent 
one of the various subjects included in the Division. After 
approval by the members, the bylaws took effect at the Cleve- 
land meeting. 

Thus the Society opened its doors for new subjects and 
made its scientific publications available to those working in 
the pioneer fields of the electronic arts: This forward looking 
policy has and can be expected to result in the further growth 
of the Society, not only in membership, but also in scientific 
leadership. 

It is difficult to look back over the last fifty years with the 
realization of what has happened and not wonder what the 
future has in store. Broadly, in this period we have learned 
to use electricity effectively; we have, in turn, used and dis- 
carded wood as a source of energy; coal is being displaced by 
oil; oil by gasoline; and we have now entered an era when 
these will be displaced by atomic energy. 
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It has been pointed out that the electrocher ist hy ,, 
tributed generously to the development of the rare metal 
and it is one of these metals that has now beco:ie mor 
portant than any other as a source of power, and for milita 
purposes. No doubt the time will come when otiier elem, 
will be equally important as sources of power and the ol. 
trochemist will be called upon to contribute his share jy 4, 
development of this new science. 

In part, even today with the use of heated wires and yi 
the use of fluorescent coatings, we have turned night jy 
day. Fluorescent lamps are much more efficient than filanoy 
lamps, but who could have said before 1920 that such lan 
were commercially possible. Today the field of semicondy 
tors has been studied very little. It is possible that by alte 
nating currents, or otherwise, electrons may be moved froy 
one energy level to another within atoms, in such manner thy 
during their return to a stable condition light is emitts 
Who can say that a far more efficient light source wil} yy 
ultimately be produced. The function of the Electroni« 
Division of The Electrochemical Society has been and will \y 
to foster such new developments. 

It should be remembered that the officers of the Divisin 
including such names as .. G. Widell, Marlin E. Fogle, Ralp) 
Seabury, Robert H. Schoenfeldt, and J. R. Musgrave, y 
mention a very few, who have done the work of assembly 
symposia and administering the affairs of the Division, y» 
largely responsible for our success especially in more recent 
times. 

This history could not be completed without mentioniy 
the social affairs of the Society. The day has passed when th 
members feel duty bound to “swipe” the President's spe« 
for the Annual Dinner, but the friendly spirit still exis: 
wherein all are welcome and where one looks forward to mee 
ing old friends at conventions. In spirit at least we still ha 
Section Q. 

Some of the Society’s success is, of course, due to the wive 
who, every year, come in ever increasing numbers to enj 
the luncheons and side trivs arranged for them. To the lade 
we owe much for the arrangement of the social affairs, and {« 
the great amount of work they do in preparing for our e 
tertainment. They have kept our meetings from being “dr 
bone” affairs. The gracious and unselfish leadership of Mx 
Fink will never be forgotten. 

To those who have spent many years in association in thi 
Society with such scientific greats as Fink, Becket, Schlunti 
C. James, Kahlenburg, etc., to name only a few, it is sma 
wonder that this Division has flourished. Scientific researches 
are not like old soldiers who fade away, but they remain « 
foundation blocks upon which our future developments st 


laid. 


I 
he 
| 
les 
the 
is the 
el 
SO 
A 
sif 
ni 
: 
ot 
al 
| 
3 
4 
~ 


April 195 


st has CON 
"ATE 
More in 
fOr mility 
element 
1d the ely 
hare in th 


and wit 

night ing 
AN filameng 
such any. 
emicondy 
it by alter 
LOVE froy 
lanner tha 
IS emitte 
Ce will noj 
Electronics 
and will he 


Divisioy 
gle, Ralp) 
isgrave, 
assembling 
Vision, an 
lore recent 


nentioning 
1 when th 
it’s Speer 
still evist 
to meet 
> still ha 


the wive 
to enj 

the lacie 
rs, and for 
w our 

eing “dn 
p of Mr 


ion in this 
Schlundt 
t is sma 
researches 
remain a 
ments are 


GROWTH OF LUMINESCENCE SECTION 


81C 


GROWTH OF THE LUMINESCENCE SECTION 


Rudolph Nagy* 


During the last fifty years the members of The Electro- 
jemical Society played a major role in the field of lighting. 
When we consider that electrochemistry is the science which 
jeals with the physical and chemical changes produced by 
the electric current, it becomes immediately apparent why 
the electrochemist interests himself in converting electrical 
energy into light. The numerous papers presented before the 
Society or published in the JourNaL will attest to this fact. 
4 brief survey of these papers is very revealing as to the fore- 
sight of the founders of the Society. Of special interest, is the 
paper of Hammer in 1903 (1) wherein many different methods 
of producing light were shown before the Society. As an ex- 
ample, Hammer demonstrated an early Edison “X-ray Lamp” 
which in reality was a granddaddy of our present cathode 
ray tube. Various phosphors such as calcium tungstate, zinc 
alfide, and zine silicate were bombarded by an electron beam 
to produce light. Various organic and inorganic luminescent 
materials were also shown which were similar, if not identical, 
to the ones used in many of our present-day advertising signs. 
Hammer also demonstrated an early Cooper-Hewitt mercury 
are lamp enclosed in a screen soaked in rhodomin which was 
a forerunner of the present color-corrected mercury lamp using 
the high temperature germanate phosphor. Although the 
first observations of luminescence have been credited to 
Casciarlo, a Bologna shoemaker in 1602, synthetic phosphors 
at the turn of the present century remained a scientifie curi- 
osity. It was not until the development of the fluorescent 
lamp and the television tube that phosphors have become 
common place. 

During the past fifty years, papers dealing with mercury 
and various metallic vapor ares, suitable for lighting purposes 
were presented. As early as 1905, Weintraub (2) discussed the 
conductivity of metallic vapors for the purpose of producing 
light. To indicate the progress of more recent years in this 
field, Marden, Meister, and Beese (3) described high intensity 
mercury ares operating nearly up to one thousand atmospheres 
and with efficiencies of over fifty lumens per watt. 

Lamps producing ultraviolet radiations and their applica- 
tion have always been of considerable interest to the elec- 
trochemist. As an example, Baskerville (4) in 1906 had a very 
interesting article on the use of ultraviolet radiations in study- 
ing the fluorescence of some thirteen thousand minerals and 
compounds. In 1940 Knowles and Reuter (5) reported on an 
ultraviolet lamp used in destroying various mold, yeast, 
and bacteria. This is only one of the many papers of a bio- 
logical nature found in the Journau. In 1937 the Society 
conducted a symposium on Electrochemical Methods in 
Biology. A review of various methods was presented by the 
outstanding plant physiologist, Osterhout (6). Other authors 
discussed the use of the dropping mercury electrode, glass 
electrodes, and photoelectric devices as used in biology. In 
1941 Klatt, et al. (7) had an interesting paper on the use of 
the dropping electrode in the diagnosis of cancer. 

Various instruments and their uses have always interested 
the electrochemist, as is evidenced by the numerous papers on 
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instrumentation. As an example, Zworykin (8) was invited in 
1941 to speak before the Society on the electron microscope. 
This tool has proved to be useful in many electrochemical 
processes. One of these is reported by Mrgudich and Clock 
(9, 10) on x-ray and electron microscope studies of carbon 
black. This instrument has also been extensively used in the 
study of various phosphors. The x-ray diffraction apparatus 
has been used on such diverse materials as phosphors by 
Fonda and Froelich (11), silicon monoxide films by Braumann 
(12), and rectifying selenium films by Clark and Roach (13). 
It has in reality become a standard tool in most laboratories. 
Other instruments such as automatic temperature controls 
described by Fogle (14) or pH controls described by Greer 
and Chalpin (15) which were nonexistent at the turn of the 
century have become commonplace in industry today. Va- 
rious types of photocells as described by Fink, et al. (16, 17) 
and later by Rentschler and Henry (18) have become useful 
tools. The electrochemist has contributed to the knowledge 
of instrumentation and has taken advantage of new tools 
developed in other fields. 

Throughout the history of the Society, various theoretical 
aspects of gaseous conduction were discussed. As early as 
1903, Parsons (19) described electron conduction in vacuum 
tubes. In 1923, Lind (20) directed a symposium on the elee- 
trochemistry of gaseous conduction. A total of sixteen papers 
was presented by such outstanding scientists as F. H. New- 
man, 8. Dushman, K. T. Compton, and many others. In 
1936, Darrow (21) presented an informative lecture on elec- 
tricity in gases. Gaseous conduction in lamps was also dis- 
cussed by Buttolph (22) and van der Werfhorst (23). Papers 
of this nature were setting the stage for the fluorescent lamp 
which appeared on the scene in 1938. 

However, before the world was ready for the fluorescent 
lamp, considerable progress was reported to the Society on 
incandescent lamp sources. As early as 1905, Roeber (24) 
demonstrated the first tantalum, osmium, and graphitized 
carbon lamps to be shown in this country. Bancroft (25) in 
1908 discussed the various aspects of the electrochemistry 
of light and Ives (26) in 1915 presented a paper on the con- 
ception of an ideal light. Most of the early lighting engineers 
were mainly concerned with the development of filaments 
capable of operating at high temperatures. 

It was not until 1939 that Marden (27) demonstrated be- 
fore the Society various fluorescent materials and talked on 
the new fluorescent lamp, pointing out that the art of con- 
verting electrical energy into light had passed another mile- 
stone. Before the conclusion of this meeting various members 
of the Electronics Division organized a Luminescence sub- 
section which was to present periodic symposia on lumines- 
cence. 

The first Society Luminescence Symposium was held in 
1945, at which time eight papers on phosphors and fluores- 
cent lamps were presented. The symposium was a success. 
Thayer (28) gave an informative paper on the quantum effi- 
ciency of fluorescent lamps. His calculations indicated that 
the fluorescent lamp with zine beryllium phosphor has a 
quantum efficiency of ninety per cent. Kenty and Cooper 
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Fic. 1. Inspection of glass tubes used in fluorescent lamps 


29) showed the effect of various common gas impurities on 
the output and operation of the fluorescent lamp. Such gases 
as oxygen, carbon dioxide, and water vapor react with mer- 
cury to give a black mercury oxide that greatly decreases 
light output. 

At the next luminescence meeting which was held in Louis- 
ville in 1947, Froelich (30) presented a paper on a new ul- 
traviolet phosphor, making it possible for the first time to 
make an efficient fluorescent sunlamp. Butler (31) also pre- 
sented one of a series of papers on barium silicate phosphors, 
some of which proved useful as “black-light’’ phosphors. 
Of considerable interest was the paper of Bramley (32) on 
aluminum-backed phosphor screens in cathode ray tubes. These 
tubes can be operated at a higher voltage, have a higher out- 
put, and the aluminum reduces the tendency of phosphor 
deterioration. The postwar years stimulated considerable 
demand for fluorescent lamps and television tubes. A tremen- 
dous amount of energy was expended in research on new and 
better phosphors and their application. Most of the scientific 
papers that have resulted from such research, have been 
presented at the Luminescence Symposia. Their number has 
increased phenomenally. 

In 1948 Froelich (33) reported on a new calcium silicate 
phosphor which at present is used in many color corrected 
fluorescent lamps. Smith (34) showed the importance of at- 
mosphere on the firing of zine sulfide phosphors. This paper 
and those of Kroeger (35) show the sulfide phosphors are 
much more complex in their constitution than was realized 
by Lenard at the turn of the century. This is also exemplified 
by the paper of Ward (36) who reported on the doubly acti- 
vated alkaline earth sulfides. The energy stored by the phos- 
phor as a result of ultraviolet excitation is released upon infra- 
red excitation. The emission spectrum is governed by one of 
the activators while the infrared excitation spectrum is 
governed by the other impurity. 

In 1949 a total of twenty-six papers dealing with all phases 
of luminescence was published in the JournaL. It would be 
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beyond the scope of this brief summary to con nent ons 
of the various papers. This was very ably done by Fondg re 
in his review of articles on luminescence for 194°. Of ses 
interest was the paper of Jenkins, et al. (38), on alkaline oll 
halophosphates. These phosphors have completely replay 
the zinc beryllium silicates used in fluorescent {imps up| 
this date. A number of papers on the mechanism of luming 
cence have also been presented. Both Kroeger (39) and Syj 
(40) reported that a part of the flux used in the formatigy, 
sulfide phosphors may become an essential ingredient of ¢ 
phosphor. Garlich (41) working on the thermoluminescens 
of phosphors was able to correlate the effect of constitutiy 
and activator upon the trap depths of zine sulfide phosphor 
The advancement in the art of cathode ray tube manufaety 
can best be exemplified by the article of Sedowsky (42). 4, 
described all of the then available methods of screen applies 
tion. Two years later, eleven papers dealing with yariog 
phases of this subject were discussed before the newly forme 
Sereen Application section. This is a very good example 
the phenomenal growth of certain phases of science and |) 
ability of the Society to meet the needs of its members. 
A summary of luminescence for the year 1950 was as 
compiled by Fonda (43). Of the many new phosphors reporte 
CaO-MgO-28i0;:Ti discovered by Smith (44) is of interes 
because of its high efficiency under cathode ray bombardmeyt 
and since it contains titanium as an activator. Most of th 
silicates in the past have been activated with manganes 
In calcium zine silicate activated with thallium, Nagy, ¢ 
(45) found the addition of zine to shift the emission spectru 
to the shorter wavelength. At the Washington meeting ; 
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Fic. 2. Factory seasoning of glass tubes 


1951, a large number of interesting new phosphors were de 
scribed. Of note was barium titanium phosphate of Hender 
son and Ranby (46) which contained thirty mole per cent 
titanium oxide. This phosphor has an output and spectra 
distribution very similar to magnesium tungstate. Prene 
(47) showed that an efficient zinc sulfide phosphor can i 
made using arsenic as an activator. Froelich, et al. (48) spok 
on a red emitting calcium phosphate activated with cerium 
and manganese. He also discovered that a small per cent 
potassium or sodium greatly increased the stability and tem 
perature dependence of this phosphor. Another red phosphor 
zine phosphate activated with manganese, was reported bj 
Smith (49). X-ray diffraction patterns showed this phosphor 
to exist in different forms depending upon the temperature 
heating and manganese concentration. Payne, et al. (5) 
showed the direct excitation of phosphors by electric fields 
This principle first demonstrated by Destriau in 1937 is very 
intriguing both from the theoretical as well as practica! stan¢ 
point. If more efficient phosphors can be found, this mav prov 
to be our mode of lighting in the future. 
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on television cathode ray 


Fig. 3. Putting “picture face’ 
tubes by a settling process. 


This brief survey depicting the role that The Electrochemical 
Society played in the advancement of the science of lighting 
and associated arts for the past fifty years does not claim to 
be a review of literature of the subject. Rather it was written 
to show the phenomenal progress made in this field by high- 
ivhting a few of the contributions made by its members. In 
udition to those mentioned, there are many papers of im- 
portance throughout the JouRNAL and another writer could 
have easily made another list of names of authors as imposing 
as the one presented. The phenomenal growth during the past 
few years clearly indicates the trend of the increasing stature 
of the Society. Our knowledge, especially of phosphors, is 
still in its infaney. There is a great deal to be learned regard- 


ing the mechanisms of luminescence. We are in need of better 


phosphors for fluorescent lamps, television tubes, and more 
efficient high temperature and ultraviolet emitting phosphors. 
It is predicted that many of these new discoveries will be re- 
ported before the Electronics Division and thus The Electro- 
chemical Society will play a major role in this field. 

In the fluorescent lamp industry, glass tubes are coated by 
flushing the tube with a suspension of fluorescent material in 
an organic binder and drying and baking. Inspection of these 
tubes is shown in Fig. 1. Tungsten coil filaments coated with 
electron emitting compounds are sealed into each end and the 
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lamps are exhausted while hot. Fig. 2 shows the factory sea- 
soning of tubes prior to packing for shipment. 

Fig. 3and 4 pictorially show some of the processes employed 
in producing television tubes. Luminescent materials are now 
produced synthetically in relatively large quantities. The 
“picture face” is put on television cathode ray tubes by a 
settling process. This must be done under conditions free of 
vibration (Fig. 3). A conductive coating is also put on the 
inside of the tube to trap secondary electrons that bounce 
off the fluorescent screen (Fig. 4). Following this, the emitting 
cathode and control electrodes are sealed. As with fluorescent 
lamps, television tubes are carefully seasoned and tested 
prior to packing and shipping. Fig. 5 indicates some of the 
research necessary for such development. Here the spectral 
distribution of light emitted by phosphors is being measured. 
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Current Affairs 


All arrangements for the well-planned 
‘tieth Anniversary Meeting of the So- 
ty in Philadelphia, May 4 through 8, 
sve been completed, according to latest 
ports from General Chairman Hiram 
Lukens. The members of the various 
onvention Committees express satis- 
ction with the program, and it is ex- 
ted that both the social and tech- 
ical schedule will prove gratifying to 
e large attendance that is anticipated. 
Headquarters for the meeting is the 
benjamin Franklin Hotel, Ninth and 
‘hestnut Streets. Registration will start 
n Sunday evening, from 8:30 to 10:00 
M., and will continue on Monday 
rough Thursday. A brief schedule of 
he Luncheons, Ladies’ Program, etc. 
ppears below, followed by the com- 
lete technical program which will in- 
lude about 120 papers. For more com- 
Dlete details of convention activities, see 
he February and March JourNaLs, and 
onsult your Program Booklet. 


Luncheons 


The following divisional luncheons 
ave been scheduled: Theoretical Divi- 
ion, Monday, May 5th; Electronics 
Division, Wednesday, May 7th; Elec- 
rothermie Division, Thursday, May 
Sth. 

The General Luncheon, to which the 
ladies are invited, will be held on Tues- 
day, May 6th. The speaker will be Dr. 
William Page Harbeson, John Welsh 
Centennial Professor of History and 
English Literature, of the University 
of Pennsylvania. 


Ladies’ Program 


Monday May 5th, 11:30 A.M. Re- 
ception and “Kaffee Klatseh’’ when ar- 
rangernents will be made for trips to 
points of historic interest, shopping 


centers, ete, 
Monday, May 5th, 8:00 P.M. Ca- 
hasta ond Bridge Party. 


Tue-lay, May 6th, 1:00 P.M. Gen- 
eral Luncheon. 


Hrram 8. LuKENS 


Tuesday, May 6th, 7:00 P.M. Presi- 
dent’s Reception and Annual Banquet. 

Wednesday, May 7th, 11:00 A.M. 
Leave by bus for luncheon at Hunting- 
ton Valley Country Club. Talk and 
demonstration of “Flower Arrange- 
ments” by Mrs. Blanche Scarlett 
Phelps. Trip to Bryn Athyn Cathedral. 

Wednesday, May 7th, 7:00 P.M. 
Buffet Supper and Entertainment. 


Plant Trips 


On Wednesday, May 7th, there will 
be an inspection trip to the new long- 
distance dialing installation of the Bell 
Telephone Company. The visitors will 
be shown how calls are routed auto- 
matically throughout the Bell System. 

As previously announced, Security 
Regulations have made it impossible to 
schedule other plant trips. It may be 
possible, however, to arrange trips for 
individuals or small groups to factories 
in which they might be interested. 
Plant Trip Committee Chairman, Mil- 
ton P. Barba, of Leeds & Northrup Co., 
4901 Stenton Ave., Philadelphia 44, 
will undertake to make the necessary 
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arrangements if notice is given him well 
in advance of the meeting. 


Technical Program 


Monday, May 5, 1952 


9:00 A.M.—Formal Opening of the Fif- 
tieth Anniversary Convention with 
Introduction by General Chairman 
Hiram 8. Lukens and response by 
President R. M. Hunter. 


Electric Insulation 
Tuesday, May 6, 1952 


The Chemical and Physical 
Properties of Dielectrics 


John J. Chapman presiding 


9:00 A.M.—“A Revised Theory of Di- 
electrics” by Franklin H. Branin, Jr., 
University of California, Los Alamos 
Scientific Laboratory, Los Alamos, 
N. Mex. 

9:45 A.M.—‘“The Electrical Properties 
of Paper Made From Ceramic Fibers” 
by Thomas D. Callinan and R. T. 
Lucas, Naval Research Laboratory, 
Washington, D. C. 

10:30 A.M.—“‘Oxidative Degradation 
of Polyvinylformal, II. The Gas 
Phase” by Harold C. Beachell and 
Leonard Cutler, University of Dela- 
ware, Department of Chemistry, 
Newark, Del. 

11:15 A.M.—‘“A Study of the Proper- 
ties of the Residual Water in Highly 
Desiceated Amorphous Solids” by 
Walter A. Patrick, Department of 
Chemistry, The Johns Hopkins Uni- 
versity, Baltimore, Md. 


Electric Insulation ‘cont’d.) 
Wire and Cable Insulants 
J. Robert Bukey presiding 


2:00 P.M.—“The Manufacture and 
Properties of Cable Paper” by De 
Loss Kahl, Jr., Merrimac Paper Com- 
pany, New York, N. Y. 

2:45 P.M.—“Film Formation on Metals 


~Octe 
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= 


86C 


in Hydrocarbons” by A. Gemant, 

The Detroit Edison Company, De- 

troit, Mich. 

:30 P.M.—“The Electrical Properties 

and Applications of Fibrous Glass” by 

Kenneth E. Lydic, Electrical Prod- 

ucts Development Laboratory, 

Owens-Corning Fiberglas Corpora- 

tion, Ashton, R. I. 

4:15 P.M.—“The Manufacture and 
Processing of Mica Paper for Use in 
Electric Insulation” by R. L. Griffeth 
and E. R. Younglove, Mica Insulator 
Company, Schenectady, N. Y. 


Wednesday, May 7, 1952 
Electric Insulation (cont’d.) 


The Manufacture of Plastics for the 
Electrical Insulation Trade 


J. Robert Bukey presiding 


9:00 A.M.—‘“The Part Some Plastics 
Play in the Electrical Industry” by 
F. J. MacRae, Plastics Division, Dow 
Chemical Company, Midland, Mich. 

9:30 A.M.—*The Role of Fillers in the 
Manufacture of Vinyl Insulation” by 
E.. W. Schwartz, Southern Clays, Inc., 
New York, N. Y. 

10:00 A.M.—“The Role of Plasticizer 
in the Manufacture of Vinyl Insula- 
tion” by George R. Buchanan, Mon- 
santo Chemical Company, Spring- 
field, Mass. 

10:30 A.M.—‘“Dynamie Electrical and 
Mechanical Behavior of Polymeric 
Systems” by Edwin R. Fitzgerald, 
University of Wisconsin, Madison 
Wis. 

11:15 A.M.—‘“Manufacture and Uses 
of Silicone Fibers” by V. A. Wente, 
Naval Research Laboratory, Wash- 
ington, D.C. 


Electric Insulation (cont’d.) 
The Electrical Properties of Plastics 
Leon L. Deer presiding 


2:00 P.M.—“Effect of Chemical Struc- 
ture on the Electrical Properties of 
Synthetic, Organic, Solid Insulating 
Materials” by Henry M. Richardson, 
DeBell and Richardson, Inc., Spring- 
field, Mass. 
:45 P.M.—‘A New Class of Syn- 
thetic Fabrics for Insulating Uses” by 
Arthur C. Wrotnowski, American 
Felt Company, Glenville, Conn. 
3:30 P.M.—‘“The Testing of Molded 
Dielectrics” by A. L. Coats and Carl 
Pomeroy, Scintilla Magneto Division, 
Bendix Aviation Corporation, Sid- 
ney, N. Y. 

4:15 P.M.—‘“The Use of the Epoxy 
Type Resins as a Dielectric” by Paul 
L. Hedrick, Minnesota Mining and 


te 
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Manufacturing Company, St. Paul, 
Minn. 


Thursday, May 8, 1952 
Electric Insulation (cont’d.) 
The Evaluation of Dielectrics 

Leon L. Deer presiding 


9:00 A.M.—“Apparatus for Developing 
Electric Breakdown Voltages at High 
Frequencies” by Louis J. Friseo, In- 
stitute for Co-operative Research, 
The Johns Hopkins University, Balti- 
more, Md. 

9:30 A.M.—“The Electric Strength of 
Sulfur Hexafluoride at Radio Fre- 
quencies” by John W. Gibson and C. 
Frank Miller, Department of Elec- 
trical Engineering, The Johns Hop- 
kins University, Baltimore, Md. 

10:00 A.M.—‘“Tracking of Plastics 
Under Low Power Electrical Dis- 


charges” by Murray Olyphant, 
Princeton University, Princeton, 
N. J. 


10:30 A.M.—‘“The Shrinkage of 
Molded Plastics’ by Harry M. 
Neben, American Phenolic Corpora- 
tion, Chicago, Ill. 

11:15 AM.—“The Effect of Humidity 
Upon the Insulation Resistance of 
Alkyd Molding Compounds” by M. 
H. Bigelow and P. E. Nowicki, Plas- 
kon Division, Libby Owens Ford 
Company, Toledo, Ohio. 


Electric Insulation (cont’d.) 


The Manufacture and Properties of 
Electrical Condensers 
and Impregnants 


Ralph A. Ruscetta presiding 


2:00 P.M.—“Internal Junction Capaci- 
tance Standards” by John A. Connor, 
Leeds & Northrup, Philadelphia, Pa. 

2:45 P.M.—‘Fluorinated Liquids for 
Dielectric Applications” by N. M. 
Bashara, Central Research Depart- 
ment, Minnesota Mining and Manu- 
facturing Company, St. Paul, Minn. 

3:30 P.M.—‘“Distribution of Conduc- 
tivity within the Dielectric Film on 
Aluminum” by J. E. Lilienfeld and 
Charles Miller, Power Condenser and 
Electronics Corporation, Washing- 
ton, D. C. 

4:15 P.M.—“Tantalum Capacitors” by 
L. W. Foster, Capacitor Department, 
General Electric Company, Hudson 
Falls, N. Y. 


Electronics—Instrumentation 
Wednesday, May 7, 1952 
R. H. Cherry presiding 


9:00 A.M.—Introdyuctory Remarks by 
R. H. Cherry, 


\ pril 1959 


9:05 A.M.—“An Automa 
Using Electrolytically 
Reagents” by W. N. ison, J; 
General Electrie Company, Nyc, 
onies Department, Hanford) Work, 
Richland, Wash. 

9:35 A.M.—“Coulometric \cidimetr, 
and Alkalimetry” by Donald 
DeFord, Donald T. Hooker, Jaros 
M. Thoburn, and James N_ Pity 
Northwestern University, Hvanstop, 
Ill. 

10:05 A.M.—“An Electrolysis Instr, 
ment for Continuously Recording th 
Concentration of Dilute Chloriy, 
Water” by Edgar L. Eckfeldt, Wi 
liam E. Proctor, and George 4 
Perley, Leeds & Northrup Company, 
Philadelphia, Pa. 

10:35 A.M.—‘“High Frequency Titry 
tion and Dielectric Measurement wit) 
a New Instrument” by Robert R 
Austin, Beckman Instruments, Ine. 
South Pasadena, Calif. 

11:05 A.M.—“Stabilized pH Indicator” 
by W. R. Clark and G. A. Perle 
Leeds & Northrup Company, Phils 
delphia, Pa. 

11:35 A.M.—*“Eleetroadsorption Anal 
ysis by Transitory Time Measure 
ments” by Lucien Gierst and Andi 
Juliard, University of Brussels, Brus 
sels, Belgium. 

12:05 P.M.—“‘The Operating Charac 
teristics of the Leeds & Northrup 
Type E Electrochemograph”’ by C. 
Bricker and W. C. Cooper, Depart 
ment of Chemistry, Princeton Uni 
versity, Princeton, N. J. 
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Monday, May 5, 1952 
Roland Ward presiding 


9:15 A.M.—Introductory Remarks. 
9:20 A.M.—Keynote Address, “The 
Nature of Fluorescent Centers an( 


Traps in Zine Sulfide Phosphors” by 
H. A. Klasens, Philips Research Labo- 
ratories, Eindhoven, The Nether 
lands. 

10:00 A.M.—‘Multiple Emission Band: 
in Zine-Cadmium Sulfide Phosphors’ 
by G. R. Fonda, E. B. Fehr, A. ! 
Friedman, and F. J. Studer, Genera! 
Electric Company, Schenectady, 

10:25 A.M.—“‘Review of Trapping 
Phosphors” by R. H. Bube, Radi 
Corporation of America, RCA Lab 
oratories Division, Princeton, \. J. 

10:55 A.M.—‘Determination of Elec 
tron-Trap Distributions from Phos 
phorescence Decay Measurements 
by G. M. Nazarian, Physics Lobor- 
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tories, ~ylvania Electric Products 
Inc., Kew Gardens, N. Y. 


11:25 A.M —“Some Properties of Zine 


Sulfide Activated with Copper and 
Cobalt” by W. Hoogenstraaten and 
H. A. Klasens, Philips Research Lab- 
oratories, Eindhoven, The Nether- 


lands. 


11:50 A.M.—“The Chemistry of Traps 


in Zine Sulfide Phosphors” by W. 
Hodgenstraaten, Philips Research 
Laboratories, Eindhoven, The Neth- 


erlands. 


Electronics Luminescence (cont’d.) 


Horace H. Homer presiding 


9:00 P.M.—“A 2537 A Reflectometer 


for Fluorescent Lamp Phosphors”’ by 
John O. Aicher, Nela Lamp Works, 
General Electric Company, Cleve- 
land, Ohio. 


2:20 P.M. — “Cathodoluminescence 


Characteristics of Some Barium- 
Zine-Silicate Phosphors with Man- 
ganese Activator’? by Simon Larach, 
Radio Corporation of America, RCA 
Laboratories Division, Princeton, 
N. J. 


2:45 P.M.—“The Optical Properties of 


Phosphors and Their Quantum Effi- 
ciencies” by Shannon Jones and G. 
R. Fonda, General Electric Com- 
pany, Schenectady, N. Y. 


3:10 P.M.—“Intrinsie Efficiencies of 


Phosphors under Cathode Ray Ex- 
citation” and “New Phosphors for 
Flying Spot Cathode Ray Tubes” by 
A. Bril and H. A. Klasens, Philips 
Research Laboratories, Eindhoven, 
The Netherlands. 


3:45 P.M.—*‘Alkaline Earth Phosphate 


Phosphors” by Keith H. Butler, 
Sylvania Electric Products Ince., 
Salem, Mass. 


:10 P.M.—*Zine Phosphate Silicates 


Activated by Manganese” by P. 
Zalm, Philips Research Laboratories, 
Eindhoven, The Netherlands. 


P.M.—“The Dependence of Lu- 
minescent Efficiency on Activator 


Concentration,” “The Effect of Con- 
centration of Activator, of Tempera- 


ture and of Flux on the Excitation 
and Emission of CaO: B. Phosphors,” 
and “The Emission and Excitation 
Spectra. of CaO  Phosphors with 


Eleven Different Activators” by J. 


Ewles and N. Lee, Department of 
Physies, The University of Leeds, 


Eng! ind, 


Tuesday, May 6, 1952 


Electronics—Luminescence (cont’d.) 


Arthur L. Smith presiding 


\l.—“Eleectroluminescent Zine 


CURRENT AFFAIRS 


Sulfide, I. Electrical Measurements” 
by C. W. Jerome and W. C. Gungle, 
Sylvania Electric Products Inc., 
Salem, Mass. 


9:20 A.M.—*‘Electroluminescent Zine 


Sulfide, II. Optical Measurements” 
by J. F. Waymouth and C. W. Je- 
rome, Sylvania Electric Products 
Inc., Salem, Mass. 


9:40 A.M.—*‘Electroluminescent Zine 


Sulfide, III. Interpretation of Ex- 
perimental Results’”’ by J. F. Way- 
mouth, Sylvania Electric Products 
Inc., Salem, Mass. 


10:05 A.M.—“Electroluminescence of 


Phosphors in Vacuo” by Luke Thor- 
ington, Research Department, West- 
inghouse Lamp Division, Bloomfield, 


N. J. 


10:30 A.M.—‘The Effect of Double 


Activation on the Dielectric Con- 
stant of Strontium Sulfide Phos- 
phors” by W. Kiszenick and J. J. 
Dropkin, Polytechnic Institute of 
Brooklyn, Brooklyn, N. Y. 


10:55 A.M.—“The Dielectric Aspects 


of Electroluminescence” by Laurence 
Burns, Sylvania Electrie Products 
Inc., Salem, Mass. 


11:20 A.M.—“Energy Transfer in Sen- 


sitized Phosphors” by Th. P. J. Bot- 
den, Philips Research Laboratories, 
Eindhoven, The Netherlands. 


P.M.—Round-Table Discus- 
sion led by James H. Schulman. 


Electronics—Rare Metals 
Wednesday, May 7, 1952 
The Iodide Process for Metals 
A. U. Seybolt presiding 


9:00 A.M.—Introductory Remarks by 


D. M. Wroughton 

:10 A.M.—Keynote Address, “Our 50 
Years” by John W. Marden, Westing- 
house Lamp Company, Bloomfield, 
N. J. 

:30 A.M.—“Preparation of ‘Misch- 
metall’ by Thermal Reduction’ by 
C. Decroly, J. Van Impe, and D. Tyt- 
gat, Department of Metallurgy and 
Electrochemistry, University of Brus- 
sels, Brussels, Belgium. 

10:00 A.M.—‘“The Preparation and 
Properties of Iodide Vanadium” by 
Julian W. Nash, Richard E. Durt- 
schi, I. E. Campbell, and R. I. Jaffee, 
Battelle Memorial Institute, Colum- 
bus, Ohio. 

10:20 A.M.—“The Properties of High- 
Purity lodide Chromium” by Harry 
Goodwin, Robert Gilbert, and C. M. 
Schwartz, Battelle Memorial Insti- 
tute, Columbus, Ohio. 


10:40 A.M.—“A Systematic Study of 


the Deposition Process for Iodide 
Zirconium” by Z. M. Shapiro, West- 
inghouse Electric Corporation, 
Atomic Power Division, Pittsburgh, 
Pa 


11:00 A.M.—‘*The Hot-Wire Process 


for Zirconium” by Robert B. Holden 
and Bernard Kopelman, Sylvania 
Electric Products Inc., Bayside, N. Y. 


11:20 A.M.—‘Factors Influencing the 


Rate of Deposition of Metals in the 
Van Arkel-de Boer Process” by C. E. 
Dryden, J. M. Blocher, Jr., and I. E. 
Campbell, Battelle Memorial Insti- 
ture, Columbus, Ohio. 


11:45 A.M.—‘The Preparation of 


High-Purity Chromium from Chro- 
mous Iodide’ by Robert Gilbert, 
Harry Goodwin, John M. Blocher, 
Jr., and I. E. Campbell, Battelle 
Memorial Institute, Columbus, Ohio. 


12:00 M.—Discussion on the Iodide 


Process. 


Electronics—Rare Metals (Cont’d) 
The Uncommon Metals 
D. M. Wroughton presiding 


2:00 P.M.—“Zireonium Metal Powder’”’ 


by Holger C. Andersen and Lawrence 
H. Belz, Research and Development 
Laboratory, Foote Mineral Company, 
Berwyn, Pa. 

:30 P.M.—*“The Recovery, Produc- 
tion, and Potential Uses of Gallium” 
by A. Paul Thompson and H. R. 
Harner, The Eagle-Picher Research 
Laboratories, Joplin, Mo. 


3:00 P.M.—*‘Preparation of Yttrium 


and Some Heavy Rare Earth Metals” 
by F. H. Spedding and A. H. Daane, 
Institute for Atomic Research, Iowa 
State College, Ames, Iowa. 


3:30 P.M.—*‘Effect of Germanium on 


the Transformation of White to Gray 
Tin at Comparatively Low Tem- 
perature” by R. R. Rogers and J. F. 
Fyicl!, Mines Branch, Department 
of Mines and Technical Surveys, 
Ottawa, Canada. 

:00 P.M.—*“Methods of Characteriz- 
ing an Etched Surface” by I. Gold- 
man, Physics Laboratories, Sylvania 
Electric Products Inc., Bayside, N.Y. 


Electronics—Screen 
Application 


Wednesday, May 7, 1952 
A. E. Hardy presiding 


(Harrison Laboratory, University of 
Pennsylvania) 


To attend Wednesday afternoon ses- 
sion on Sereen Application, take car 13 
or 42 west-bound on Walnut Street 
at Ninth to Harrison Laboratory at 34th 
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and Spruce Streets. Session will be held 
in the Lecture Theatre. Returning, take 
car 42 east-bound on Spruce Street to 
hotel at Ninth and Chestnut Streets. 
This trip requires 15 to 20 minutes. 


2:00 P.M.—Introductory Remarks. 

2:05 P.M.—‘Preliminary Investigation 
of the Cause and Reduction of Cross- 
Burning on 20CP4 Cathode Ray 
Tubes by R. Granacki, Sarkes Tar- 
zian, Ine., Chieago, Il. 

:35 P.M.—*Evaluation of Commercial 
Interior Coatings for Cathode Ray 
Tubes” by D. T. Palumbo, Sylvania 
Electric Products Ine., Flushing, 
N. Y. 

:05 P.M.—“Organie Impurities in De- 
ionized Water and Their Elimina- 
tion” by R. B. Snyder, Rauland Cor- 
poration, Chicago, Il. 

3:35 P_M.—‘‘Streaming Potential Meas- 
urements and the Adhesion of Phos- 
phors” by J. F. Hazel and George L. 
Schnable, University of Pennsylvania, 
Philadelphia, Pa. 

4:20 P.M.—Demonstration of Stream- 
ing Potential Equipment by J. F. 
Hazel, University of Pennsylvania, 
Philadelphia, Pa. 


to 


Joint Session 
Electrothermics—Rare Metals 
Thursday, May 8, 1952 
General Electrothermics 
S. J. Sindeband presiding 


9:00 A.M.—“The Manufacture of Bo- 
ron” by G. H. Fetterley, Norton 
Company, Niagara Falls, Canada. 

9:30 A.M.—‘“Uranium Sesquicarbide” 
by M. W. Mallett, A. F. Gerds, and 
D. A. Vaughan, Battelle Memorial 
Institute, Columbus, Ohio. 

10:00 A.M.—“The Uranium-Carbon 
System” by M. W. Mallett, A. F. 
Gerds, and H. R. Nelson, Battelle 
Memorial Institute, Columbus, Ohio. 

10:30 A.M.—*‘Radiation Pyrometry” 
by W. T. Gray, Leeds & Northrup 
Company, Philadelphia 44, Pa. 

11:00 A.M.—“A Technique for Elimi- 
nating Crucibles in Heating and Melt- 
ing of Metals” by D. M. Wroughton 
and E. C. Okress, Westinghouse Elee- 
tric Corporation, Bloomfield, N. J., 
amd P. H. Brace, G. Comenetz, and 
J. C. R. Kelly, Westinghouse Elec- 
tric Corporation, East Pittsburgh, Pa. 


Joint Session 
Round-Table Discussion 
Methods of Refractory Metal Melting 


R. L. Hadley, Chairman 
and R. M. Parke, Moderator 
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2:00-5:30 P.M.—The session will be 
introduced by ten-minute talks by 
participants representing groups en- 
gaged in research or production in- 
volving refractory metals. Talks will 
cover work in areas of interest to the 
individual, his view of the status of 
development of the refractory metal 
field, and analysis of problems requir- 
ing solution. An open discussion on 
the various subjects will follow. 


Theoretical Electrochemistry 


Monday, May 5, (952 
Polarization 
Walter J. Hamer presiding 


9:15 A.M.—Introductory Remarks. 

9:20 A.M.—“The Measurement of Ca- 
pacity and Surface Area of Platinum 
Electrodes” by W. D. Robertson, 
Hammond Metallurgical Laboratory, 
Yale University, New Haven, Conn. 

9:50 A.M.—“Theory of Pseudo-Capac- 
ity and the Faradaic Admittance” 
by David C. Grahame, Department 
of Chemistry, Amherst College, Am- 
herst, Mass. 

10:25 A.M.—‘‘Non-Uniform Electrode 
Surfaces and Changes in Overvoltage 
with Time” by W. Busing, Sterling 
Chemistry Laboratory, Yale Univer- 
sity, New Haven, Conn., and W. 
Kauzmann, Frick Chemical Labora- 
tory, Princeton University, Prince- 
ton, N. J. 

10:55 A.M.— ‘Polarization Phenomena 
at Twofold Electrodes” by Erich 
Lange, Laboratory of Physical Chem- 
istry, University of Erlangen, Erlan- 
gen, Germany. 

11:30 A.M.—“The Mechanism of Elec- 
trolytic Rectification” by H. E. 
Haring, Bell Telephone Laboratories, 
Ine., Murray Hill, New Jersey. 

12:00 M.—‘Anodie Polarization Be- 
cause of Electron Deficiency” by M. 
Ek. Straumanis, University of Mis- 
souri, School of Mines and Metal- 
lurgy, Rolla, Mo. 

2:00 P.M.—“Polarographie Study of 
the Kinetics of Irreversible Electrode 
Processes” by Paul Delahay, Depart- 
ment of Chemistry, Louisiana State 
University, Baton Rouge, La. 

2:25 P.M.—‘‘Hydrogen Overvoltage” 
by George Dubpernell and Roberta 
Dubpernell, Naugatuck Chemical Di- 
vision, United States Rubber Com- 
pany, Naugatuck, Conn. 

2:50 P.M.—“Hydrogen Overvoltage of 
Bright Platinum” by Sigmund Schul- 
diner, Naval Research Laboratory, 
Washington, D. C. 

3:15 P.M.—“Hydrogen Overvoltage on 


Smooth Platinum” by Er)... Yeage 
T. 8. Oey, and Frank Hov irka, Wo 
ern Reserve University, 
Ohio. 

3:40 P.M.—“Kineties of Tonic Reg 
bination and Implications jn Hy 
gen Overpotential Studies” by Pay 
Delahay, Department of hemis, 
Louisiana State University, Bat 
Rouge, La. 

4:00 P.M.—*Mass Transfer in 
trode Processes, I. Techniques ¢j 
Measurement” by M. Eisenberg, | 
W. Tobias, and C. R. Wilke, Depart 
ment of Chemistry and Chemical fy 
gineering, University of Califoris 
Berkeley, Calif. 

4:25 P.M.—“‘Mass Transfer in Bly 
trode Processes, II. Free Convectiy, 
at Vertical Plane Electrodes” by M 
Kisenberg, C. W. Tobias, and (. 
Wilke, Department of Chemistry aj 
Chemical Engineering, University 
California, Berkeley, Calif. 


Round Table 


8:00 P.M.—Special Round Table 
“Teaching of Electrochemistry,” 


Tuesday, May 6, 1952 


Polarization (cont’d.) 


Walter J. Hamer presiding 


9:00 A.M.—**The A.C. Effects of Ultn 
sonic Waves on Polarized Gas Ele 
trodes” by Ernest Yeager, H. | 
Dietrick, and Frank Hovorka, le 
partment of Chemistry, Western Re 
serve University, Cleveland, Ohio 

9:25 A.M.—“Irreversible Phenomen 
at Carbon Cathodes Depolarized | 
Gaseous Oxygen” by M. G. Jacobson 
Mine Safety Appliances Compan 
Pittsburgh, Pa. 

9:50 A.M.—‘Polarization and _ the 
Thermodynamics of Irreversible 
Processes” by Pierre Van Ryss 
berghe, Department of Chemisty 
University of Oregon, Eugene, rn 

10:15 A.M.—“Alternating Currett 
Electrolysis” by A. Edward Remick 
Wayne University, Detroit, Mic! 

10:40 A.M.—‘Usefulness of the Ther 
modynamic Interpretation of 
larization Curves” by Marcel Pour 
baix, University of Brussels, Brussel 
Belgium. 

11:05 A.M.—‘“Solubility and Diffusion 
of Hydrogen as a Factor in Its Ove 
voltage on Iron” by Arthur L. Pit 
man, Naval Research Laborator 
Washington, D. C. 

11:30 A.M.—“Primary Current Ds 
tribution Around Capillary Tips Us" 
in the Measurement of Electrolyti 


7 
“ 
> 
5 
2% 
= 
d 


\ pril 1959 


(St Yeago 
rka, Wes 
Clevelang 


hie Recon 
Hydry 
by 
Chemisty 
ity, Baton 


© in Ble 
hniques 
senberg, | 
ke, Depart 
remical fp 
California 


rin Ele 
Conveectio; 
les” by \ 
and R 
mistry and 
hiversity ¢j 


Table op 
istry.” 


52 
d.) 
iding 


ts of Ultr 
Gas Ele 
er, H. . 
yorka, De 
‘estern Re 
d, Ohio 

*henomens 
larized | 
. Jacobson 


Company 


and the 
rreversible 
Rysse 
Shemistr) 
gene, Ure 

Current 
d Remick 
Mic! 
the Ther 
of Po 
reel Pour 
1, Brussels 


| Diffusion 
Over 
ur L. Pit 
aborator 


rent Dis 
Tips Used 
lec trolyti 


‘ol. 99, N 4 


Polarization” by Sidney Barnartt, 
Westing!ouse Research Laboratories, 
East Pittsburgh, Pa. 

A.M.—“Polarization Phenomena 
‘n Corrosion and Passivity of Iron in 
Aqueous Solutions”’ by Morris Cohen, 
National Research Council, Ottawa, 
Canada. 

P.M.—“Information Concerning 
‘the Mechanism of Electrode Reac- 
tion as Provided by Current Re- 
versal” by A. L. Ferguson, Depart- 
ment of Chemistry, University of 
Michigan, Ann Arbor, Mich. 

P.M.—‘Anodie Formation of 
Coatings on Magnesium, Zine, and 
Cadmium” by Kurt Huber, Institute 
of Physical Chemistry, University of 
Bern, Bern, Switzerland. 

55 P.M.—“The Electrochemical Be- 
havior of Aluminum, IIT. In Buffered 
and Alkaline Solutions of Potassium 
Ferricyanide and in Sodium Hy- 
droxide” by J. V. Petrocelli, The 
Potent Button Company, Water- 
bury, Conn. 

20 P.M.—Electrochemical Polariza- 
tion of Titanium in NaCl Solution” 
by Colby D. Hall, Jr., and Norman 
Hackerman, Department of Chemis- 
try, University of Texas, Austin, 
Texas. 

3:45 P.M.—‘*Measurement of the Cor- 
rosion Rate of a Metal from Its Po- 
larizing Characteristics” by W. J. 
Schwerdtfeger and O. N, MeDorman, 
National Bureau of Standards, Wash- 
ington, 

4:10 P.M.—*Polarization of Copper 
Anodes in Chloride Solutions” by J. 
H. Bartlett and L. P. Stephenson, 
University of Illinois, Urbana, II. 

1:35 P.M.—“The Overvoltage Effects 

at the Copper Electrode” by Thor 

Rubin, The Ohio State University, 

Columbus, Ohio. 


Wednesday, May 7, 1952 
General Theoretical Session 
Paul Fugassi presiding 


2:00 P_M.—“Standard States in Elee- 
trode Kineties” by André J. deBé- 
thune, Boston College, Chestnut 
Hill, Mass. 

2:20 P.M.—“Thermogalvanie Poten- 
tials, II. Nickel in Neutral Nickel 
Sulfate Solution” by Dodd 8. Carr 
and Charles F, Bonilla, The Johns 
Hopkins University, Baltimore, Md. 

2:40 P.M.—“On the Origin of the 
Thermoelectric Potential Between 
Semiconduetors of Different Impu- 
rity | evels and Semiconductors and 
Metals” by T. Forland and W. A. 
Wey! Department of Mineral Tech- 


9:00 A.M.—“‘An 


CURRENT AFFAIRS 


nology, Pennsylvania State College, 
State College, Pa. 


3:00 P.M.—“Chronopolarography: A 


Law of Conductivity” by J. G. Bar- 
redo, University of Chicago, Chicago, 
ill. 


3:30 P.M.—Round Table on Sign Con- 


vention with Norman Hackerman 
presiding. Panel members will be: 
H. H. Uhlig, Massachusetts Institute 
of Technology, Cambridge, Mass.; 
L. B. Rogers, Massachusetts Institute 
of Technology, Cambridge, Mass.; 
André J. deBéthune, Boston College, 
Boston, Mass.; and Pierre Van Rys- 
selberghe, Department of Chemistry, 
University of Oregon, Eugene, Ore. 


_ Thursday, May 8, 1952 


General Theoretical Session 
(cont’d.) 


Paul Fugassi presiding 

Electrochemical 
Method for Oxygen Determination” 
by M. G. Jacobson, Mine Safety Ap- 
pliances Company, Pittsburgh, Pa. 


9:25 A.M.—*‘Wet Type of Photovoltaic 


Cells: Classification, Mechanism on 
the Uncoated Electrode Type” by A. 
B. Garrett, Wallace Copeland, Paul 
Clark, Otis Black, and John Bocher, 
Department of Chemistry, The Ohio 
State University, Columbus, Ohio. 


9:50 A.M.—“The Nature of Passivity 


Films Formed on Iron by Solutions 
of Sodium Phosphate” by M. J. 
Pryor, F. Brown, and M. Cohen, 
National Research Council, Ottawa, 
Canada. 

10:15 A.M.—‘Factors Affecting the 
Potential of the Silver-Silver Chlo- 
ride Electrode” by D. N. Staico- 


poulos, H. J. Dietrick, and Frank’ 


Hovorka, Department of Chemistry, 
Western Reserve University, Cleve- 
land, Ohio. 

10:40 A.M.—“‘Some Properties of Stan- 
nous Sulfate Solutions and Their Role 
in Electrodeposition of Tin, I. Solu- 
tions with Only Stannous Sulfate 
Present” by C. A. Discher, Rutgers 
University, College of Pharmacy, 
Newark, N. J. 

11:05 A.M.—‘Electrodeposition Be- 
havior of Cadmium and Thallium at 
a Mercury Cathode” by L. B. Rogers 
and Charles Merritt, Jr., Department 
of Chemistry and Laboratory of Nu- 
clear Science and Engineering, Mas- 
sachusetts Institute of Technology, 
Cambridge, Mass. 

11:30 A.M.—“Factors Affecting the 
Direct Current Resistance of Elec- 
trolytes” by D. MacGillavry, De- 
partment of Chemical Engineering, 


Columbia University, 
N. Y. 

11:55 A.M.—‘“Ion Exchange Mem- 
branes in Electrolytic Processes” by 
George W. Bodamer, Alvin G. Win- 
ger, and Robert Kunin, The Rohm 
and Haas Company, Philadelphia, 
Pa. 

12:20 P.M.—‘‘Membrane Potential of 
Ion-Exchange Resins” by Sakae Ta- 
jima and Yujiro Kosaka, Department 
of Industrial Chemistry, Tokyo Met- 
ropolitan University, Tokyo, Japan. 


New York, 


General Theoretical Session 
(cont’d.) 


Conductivity and Electrolytes 
Walter J. Hamer presiding 


2:00 P.M.—‘‘Conduetivity and Trans- 
ference in Molten Salt Systems” by 
Frank E. W. Wetmore, Electrochemi- 
cal Laboratory, University of To- 
ronto, Toronto, Canada. 

2:25 P.M.—“Electrical Conductance 
and Viscosity in Highly Concen- 
trated Salt Solutions” by Ralph P. 
Seward, School of Chemistry and 
Physics, Pennsylvania State College, 
State College, Pa. 

2:50 P.M.—“The Acid Dissociation of 
the Aquo Scandium Ions” by Martin 
Kilpatrick and Lewis Pokras, De- 
partment of Chemistry, Illinois In- 
stitute of Technology, Chicago, Ill. 

3:15 P.M.—“The Acid Strengths of the 
Phenylacetie Acids’ by Mary Kil- 
patrick and E, A. Fackenthal, De- 
partment of Chemistry, Illinois In- 
stitute of Technology, Chicago, IIl. 

3:35 P.M.—“Conductivities and Den- 
sities of the System Ammonium Chlo- 
ride—Zine Chloride—Methanol from 
—50° to 20° C” by L. R. Dawson, 
P. G. Sears, G. P. Dinga, and H. K. 
Zimmerman, Jr., University of Ken- 
tucky, Lexington, Ky. 

3:55 P.M.—‘“Ion Association in 2-1 
Salts in Methanol” by F. Muriel 
Sacks and Raymond M. Fuoss, Ster- 
ling Chemistry Laboratory, Yale Uni- 
versity, New Haven, Conn. 

4:20 P.M.—“Electrically Conducting 
Films of Hydrolyzed Tin Chloride’ 
by Robert R. Ralston and Duncan C. 
Blanchard, Transformer and Allied 
Products Division Laboratory, Gen- 
eral Electric Company, Pittsfield, 
Mass. 

4:55 P.M.—*“The Electrical Conduct- 
ance of Solutions of Cobalt (II) Ni- 
trate Hexahydrate in Acetophenone 
at 25°C” by Charles C. Templeton 
and Kurt H. Stern, Exploration and 
Production Research Division, Shell 
Oil Company, Houston, Texas. 
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Earl Gulbransen, Starr Thayer Receive 
1952 NACE Awards 


Karl A. Gulbransen, advisory engineer 
to Westinghouse Research Laboratories, 
East Pittsburgh, Pennsylvania, and 
Starr Thayer, a cathodic protection 
consultant of Houston, Texas, have 
been designated to receive the 1952 
annual Frank Newman Speller and 
Willis Rodney Whitney Awards from 
the National Association of Corrosion 
Engineers..The awards were presented 
at the annual banquet of the associa- 
tion held on March 13, during the 
Kighth Annual Conference and Ex- 
hibition at Galveston, Texas. The 
Speller award is given for achievement 
in corrosion engineering; the Whitney 
award for corrosion science. 

Mr. Gulbransen, whose principal 
scientific interests are in the high tem- 
perature field, joined Westinghouse Re- 
search Laboratories in 1940. A graduate 
of State College of Washington in 
chemical engineering in 1931, he later 


obtained a Ph.D. in physical chemistry 
from the University of Pittsburgh. He 
has been a teacher of chemistry and 
chemical engineering. 

Author of many papers, Mr. Gul- 
bransen was consultant during World 
War II to the Government on new 
methods of underwater propulsion. He 
is a member of The Electrochemical 
Society and is currently Regional Edi- 
tor for the JournaL. He has held a 
number of offices in the Society and, in 
addition, has been chosen many times 
as chairman of national meetings for 
various scientific groups. 

Mr. Thayer, among the first engineers 
to apply cathodic protection to under- 
ground structures, is a 1908 graduate in 
electrical engineering from Iowa State 
College. Since 1931 he has installed 
many cathodie protection systems in 
this country and abroad. He is, at 
present, a consultant in this field. 


An Open Letter to the Membership 


At the meeting of the Board of Direc- 
tors, on January 25, 1952, I recom- 
mended to the Board that it consider 
increasing the membership dues for 1953 
from $12 per year to $15 per year. This 
letter is to explain my reasons to you 
for this action. 

The dues of the Society are defined 
in the bylaws. The bylaws can be 
amended by the Board of Directors at 
its discretion, provided that the pro- 
posed amendment is placed on the table 
until the next meeting. The Board will, 
therefore, consider raising the dues at 
the Philadelphia meeting in May. 

This subject is not new to you. An 
open letter regarding finances was pub- 
lished in the July 1951 issue of the 
JourNAL and, during the year when I 
have attended Section Meetings, it has 
been called to your attention that for 
several years the Society has been oper- 
ating in the red. 

The budget which we adopted for 
1952 called for $66,900 expenditures and 
$64,300 income. This budget anticipates 
$10,000 income from advertising if 
$64,300 is to be collected. In my July 
letter I told you that we hoped to re- 
ceive $5,000 worth of advertising during 
1951—actually, we got $3,198. This was 
a big improvement over 1950, but still 
was below what we needed. 

Our dues were increased two years 
ago from $10 to $12 per year. This was 


only a 20 per cent increase, whereas 
other organizations at the same time 
were making 40 to 50 per cent increases. 

Your Board, at that time, sincerely 
thought that the $2.00 increase would 
be ample, but costs have continued to 
increase, advertising has not been up to 
our expectations and, as a result, during 
the last few years when we should have 
been building up a reserve, we have had 
several years of deficit. 

It is my belief that our deficit for 
1951 operations will be about $4,600. 
This, spread over our membership, is a 
little over $2 per member. Other mem- 
bers of the Board feel that the deficit 
will be less, and will be slightly over $1 
per member. If we increase the dues to 
$15 per year, this should give us a little 
leeway if prices continue to rise. 

The Society believes that it is fur- 
nishing its members with improved 
service in the office, we know that we 
are publishing a constantly improving 
JouRNAL, we have plans and hopes for 
extending our Weston Fellowship, and 
the Local Sections are asking us for 
more financial assistance. All of these 
things require money. 

If you believe the Board is making a 
wise move in increasing the dues, let its 
members, through the Secretary, know 
your feelings. It is only by hearing 
from you, that we understand how you 
feel. Raven M. Hunter 


1952 ASTM Lecturers 


Two important lectures haye },. 
scheduled for the Fiftieth \nnivengs 
Meeting of the American Society (lll 
Testing Materials, to be held in Ng 
York City during the week of June» 
1952. q 

On Monday, June 28rd, Dr, R ¢ 
McMaster, Battelle Memoria! Instityy 
will deliver the 26th Edgar Marbuy 
Lecture on the subject, “Non-destry 
tive Testing.” The first H. W. Gillal 
Memorial Lecture is to be given by Jy 
N. L. Mochel, Westinghouse Electr 
Corporation. It will be presented 
Wednesday, June 25th, at which ting 
Dr. Mochel will discuss “Man, Metals 
and Power.” 


Corrosion Symposium by 
Chemical Engineers 


“Corrosion” will be the topic of 
symposium sponsored by six 
sections of the American Institute 
Chemical Engineers on April 21 ai th 
Mayflower Hotel, Akron, Ohio. A seri 
of six papers will be presented, » 
follows: 

James A. Lee—Keynote Address 

R. M. Burns—‘‘Studies of Corrosin 
Reactions.” 

Mars Fontana—‘New Commerc: 
Metals and Alloys for Corrosion i 
sistance.” 

W. E. Friend—*“‘Design of Equ 
ment from the Standpoint of Corrosu 
Resistance.” 

R. B. Hoxeng—“Corrosion of Ferro 
Metals.” 

Speaker from Dow Chemical (Cv 
pany—“Cathodie Protection.” 

Robert C. Stell of Goodyear Tir ¢ 
Rubber Company and Walter \ 
Otto of Firestone Tire & Rubber Co 
pany are co-chairmen of the sympositi 


Monsanto to Build 
Phenol Plant 


Plans have been announced for ti 
construction of a new plant at Avo 
California, for the manufacture 
phenol. The plant will be jointly bu! 
and operated by Monsanto’s Westet 
and Organic Chemicals Divisions. ‘ 
phenol, to be produced by a proc 
recently developed by the compa! 
will be sold on a contract basis to vane 
firms in the growing Pacific coast ! 
dustrial area. It will also be used | 
Monsanto to meet the expanding nee* 
of its own western manufacturing op" 
tions. Construction is expected to bes 
at approximately midyear, and prot 
tion will commence early in 195+. 
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topic of 
= kr Dr. William Blum, internationally 
nstitute »nown for his contributions to the field 
21 at thee electrochemistry, retired on January 
HO. A series as Chief of the Electrodeposition 
sented, ction of the National Bureau of 
tundards. He has been succeeded by 
Address yr. Abner Brenner. 
f Corros Dr Blum joined the Bureau in 
a 009 and has been responsible for NBS 
cearch and development in the field of 
rrosion KiMectrochemistry since 1929. He has 
pne research in electrodeposition, in- 
of Equ luding electroplating, electrotyping, 
f Corrosi 


nd electroforming. 

Many of his technical papers are in 
e field of electrodeposition; also, he 
the author of chapters in several 


1 of Ferrow 


nical Cot rrosion handbooks and of the revised 
bird edition of the text, “Principles of 
var Tire lectroplating and Electroforming.” 
Valter \ Honorary memberships have been 
ibber Co 


nferred on Dr. Blum by the Electro- 
epositers’ Technical Society of London 
nl by the American Electroplaters’ 
wiety. He has been awarded the 
cheson Medal and the Medal of the 


Mposiu 


CURRENT AFFAIRS 


bum Retires; Brenner Heads Electrodeposition Section 
of National Bureau of Standards 


Institute of Chemistry for Distinguished 
Governmental Service. 

Dr. Blum is a past president of The 
Electrochemical Society and has held 
many offices in the Society. He has also 
been active in other organizations. 

Dr. Brenner has been engaged in 
electrodeposition research at the Bureau 
since 1930, and has conducted extensive 
investigations of alloy deposition, es- 
pecially tungsten and molybdenum with 
iron, nickel, and cobalt, and on the 
nature of cathodic films. 


ABNER BRENNER 


Dr. Brenner is the author of many 
technical papers in the electroplating 
field and is the inventor of the magne- 
gate, an instrument for measuring the 
thickness of plated coatings, and of the 
spiral contractometer, and he has de- 
veloped a process for the purification of 
rhodium plating solutions. 

He is currently a Divisional Editor of 
the JournaL of The Electrochemical! 
Society, and is a member of a number of 
leading scientific societies. 


‘ed for the 
t at Avo 
cilities for Producing 
Weenawtaphite Electrodes 
isions. Tht 
a proces Ground has been broken to start the 
compel pastruction of new graphitizing facili- 
sto «Which will greatly increase the 
coast inf luction of graphite electrodes at the 
| ugara Falls plant of International 


taphite and Electrode Corporation, a 


ding 
bsidiary of Speer Carbon Company, 


ring opel 


ad to beg t. Marys, Pennsylvania. Costing $10,- 
nd produ 000, the expansion is being under- 
1954. Ken by IGE to meet the increasing 


demand of the electric steel and chemical 
industries. The new facilities will include 
a caleiner, 16 graphitizing furnaces, and 
complete milling, extruding, and baking 
facilities. Full production is expected to 
being in May 1953. 


Silver Refinery in India 


The Government of India has com- 
pleted plans for starting a silver re- 
finery, the first of its kind in Asia, in 
1953 at Calcutta. This refinery, when in 
operation, is expected to handle the 


910 


refining of silver from countries outside 
India. It is intended for the extraction 
of about 300 million ounces of silver 
from coins which were introduced during 
World War II and are now being re- 
placed by nickel coins. The project is 
expected to save India a sum of Rs. 5 
crores ($10,000,000.). 


India’s Chemical Industry 
Aided by U. S. Company 


Under a unique India-American busi- 
ness arrangement, India’s first dyestuff 
and pharmaceutical plant begins opera- 
tion this month at Bulsar, near Bombay, 
American Cyanamid Company officials 
have announced. 

The new company, known as Atul 
Products Ltd. was made possible by 
the merger of Indian capital and the 
technical “know-how” of the American 
Cyanamid Company. Under their ar- 
rangement, 90 per cent of Atul’s capi- 
tal is subscribed by India’s bankers and 
businessmen. American Cyanamid in- 
vested 10 per cent at the request of the 
Indians as a tangible token of its serious 
interest in Atul’s 20-year program for 
development of a full scale Indian 
chemical industry aimed at making the 
country independent of outside supply 
sources for its major needs. At the 
beginning, American Cyanamid 
supply technical assistance per- 
sonnel, and will also provide some raw 
materials. 

One potential of the new industry is 
its plan to produce enough sulfa drugs 
to cure most of the infectious diseases 
which seriously hamper the nation’s 
economic progress. It will also produce 
enough of the 20 to 25 more popular 
dyestuffs to supply the country’s tex- 
tile, paper, and other firms which re- 
quire these. 


MEETINGS OF OTHER 
ORGANIZATIONS 


GREATER New Sarety Councit, 
22nd annual safety convention & 
exposition, Hotel Statler, New York 
City, April 


AMERICAN Society ror Testing Ma- 
TERIALS, annual meeting, fiftieth 
anniversary, Hotel Statler and New 
Yorker, New York City, June 23-27. 


AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS, summer general meeting, 
Hotel Nicollet, Minneapolis, Minn., 
June 23-27. 
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Cleveland Section 
Contest Winners 


The Cleveland Section of The Electro- 
chemical Society recently sponsored 
a contest among the nine colleges in 
the Cleveland area for the purpose of 


GERALD 8. Lozier 


increasing the interest in electrochem- 
istry at the undergraduate level. On 
the basis of nominations made by the 
faculties of their respective institutions, 
the following two students were chosen 
to receive awards, in each case a one- 
year Student Associate Membership in- 


Epwin J. S1EGMAN 


cluding a subscription to the JourNAL 
of The Electrochemical Society. 

Gerald 8S. Lozier was class valedic- 
torian at Lakeville, Ohio, High School 
and received an Ohio District State 
Scholarship award ranking fourth in the 
state in chemistry and seventh in 
physics with honorable inention in 
biology and plane geometry. He is a 
senior at Western Reserve University 
where he has held a full tuition scholar- 
ship and a student assistantship in 
chemistry. During the current semes- 
ter, he will be doing research in electro- 
chemistry under the joint direction of 
Dr. Frank Hovorka and Dr. E. B. 
Yeager. 

Edwin J. Siegman, a graduate of 
Cathedral Latin High School, Cleve- 
land, is a senior in Chemical Engineer- 
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ing at Case Institute of Technology. 
He is president of the Gamma Chapter 
of Alpha Chi Sigma, a member of Tau 
Beta Pi, and is a student member of the 
American Institute of Chemical En- 
gineers and the American Chemical 
Society. 

The presentation of the membership 
certificates was made at a subsequent 
meeting of the local section. The com- 
mittee in charge of this contest consisted 
of G. W. Heise, Chairman, J. M. Mar- 
golis, and F. Keller. 


SECTION NEWS 


New York Metropolitan Section 


Norman H. Hackerman, Professor of 
Chemistry at the University of Texas, 
and Technical Editor of the JourNa., 
spoke before the New York Metropoli- 
tan Section at its meeting on February 
19th at the Holley Hotel. A social hour 
and dinner preceded the _ technical 
meeting. 

Dr. Hackerman spoke on “Corro- 
sion,” and his talk was particularly con- 
cerned with the nature of the surface of 
metals, and the mechanism of electron 
and ion transfer through surfaces. Ex- 
periments were described which featured 
the use of “tagged” chromium in the in- 
vestigation of the adsorption of chro- 
mium on steel surfaces. These experi- 
ments tended to show that the amount 
of chromium adsorbed is sufficient to 
produce a layer one atom thick. Con- 
siderable discussion followed the presen- 
tation. 

A feature of the meeting was the 
presence of Dr. Blum, who obliged with 
a few remarks and who also contributed 
considerably to the discussion of Dr. 
Hackerman’s paper. 


F. A. Lowennerm, Secrelary 


San Francisco Section 


Charles W. Tobias, of the Depart- 
ment of Chemistry and Chemical En- 
gineering, University of California, 
Berkeley, California, was the guest 
speaker at the January 16th meeting 
of the San Francisco Section. His sub- 
ject was “The Production of Ozone by 
the Electrolysis of Sulfuric Acid.” 

Dr. Tobias began his talk, which was 
well illustrated by slides, by reviewing 
the history of ozone production. He 
described the only commercial method 
for the production of ozone currently 
used. This process, known as the silent 
discharge method, has a low yield and 
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is very expensive both from the stay 
point of floor space require ents 
cost of equipment. It has mace the y 
of ozone as an oxidizing agent yep 
limited except in special cases, Ang 
ozone evolution has been known { 
over 100 years but there was not myp 
success in developing a useful proce 
until the early 1900’s. Since then, oy 
siderable work has been done but thp 
conclusions drawn have been in dig 
greement. 

Dr. Tobias then described the exper 
mental work being done at the |) 
versity of California. The reaction jy 
volved is: 


3H,0 = O; + 6H* (Ey = 
volts 


The following conditions are pertiney 
to the cell used and its operatic, 
(1) platinum anode cooled to —60°% 
(2) lead cathode, (3) glass cloth dig 
phragm, (4) sulfuric acid electrolyt: 
and (5) current density of 05-073 
amp per em”. 

The best results obtained thus {y 
are a 32 per cent Os; yield with a sulfur 
acid solution of 1.20 sp gr. Lower ac: 
concentrations produce a better vie 
but the electrolyte freezes. High 
anode temperatures cause  catalyt 
decomposition of the ozone product 
The catalyst in this reaction is the 
platinum anode. 

Further development work is being 
carried on at the present time with th 
design of a cell suitable for industria 
use as an ultimate objective. 

An interesting discussion followei 
Dr. Tobias’ talk and all who attendei 
enjoyed the meeting greatly. 


R. F. Becuroup, Secretary-Treaswe 


PERSONALS 


Georce W. Jernstept has beet 
appointed manager of engineering ‘0! 
the Special Products Development Div 
sion of Westinghouse Electrie Corp 
Pittsburgh, Pa. He will continue 
charge of Electroplating Projects, 
addition to his new appointment. 


K. Sesnapri has been awarded the 
Ph.D. degree in science by the Benare 
Hindu University, Benares. 


M. S. Tuacxer has returned from 
his tour in the United States as spect! 
guest from India at the invitation “ 
the U. 8S. Government. He visite 
several institutions and  engineeriNt 
projects during this trip. 
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ELE \NOR REID RESIGNS 


Miss F\canor Reid, Managing Editor 
¢ the Journal, resigned her position, 
iective February 15, to be married. 
ye had been with the Journal for four 
oars, On March 8, at her home in Wake 
‘orest, North Carolina, Miss Reid was 
varied to Brian Derek Forrow of New 
ork. As Mr. Forrow is now with the 
ir Force, stationed at Mountain Home, 
Biaho, the couple will reside there for 
he present. 


RUTH STERNS JOINS 
JOURNAL STAFF 


Mrs. Ruth Garrett Sterns was ap- 
winted Assistant Editor of the JouRNAL 
tarting February 1. Mrs. Sterns was 
reviously on the editorial staff of Min- 
ing Engineering and its predecessor, 
Mining and Metallurgy. Included in her 
ities on the Journal will be the 
preparation of copy, contacts with au- 
hors, and supervision of general produc- 
ion work, 


Ausert J. Ham of Shell Lubricating 
il Laboratories, Chester, England, is 
now at the Thornton Research Centre, 
in Chester. 


Guinuiam H. Ciamer, president of 

the Ajax Group Companies, Phila- 
delphia, and A. Danraan, 
president of Continental Industrial 
Engineers, Inc., Chicago, were recipients 
of the Trinks Industrial Heating Awards 
presented at the meeting of the In- 
dustrial Furnace Manufacturers As- 
sociation, in Pittsburgh, on January 
2Ist. 


George E. Goopricn has been ap- 
pointed assistant manager, industrial 
department, of Westinghouse Electric 
Corp.'s Apparatus Division, Pittsburgh, 
Pa. Prior to this promotion, Mr. Good- 
rich was resale manager of the com- 
pany’s Middle Atlantie District with 
headquarters in Philadelphia. 


V. ARAVAMUTHAN has been appointed 
Senior Research Assistant in a program 
sponsored by the Atomic Energy Com- 
mission in India; the work is to be 
carried out at the Indian Institute of 
Science, Bangalore. 


C, Prrzer, General Electric 
Company, Schenectady, N. Y., has 
been transferred to the Hanford En- 
gineering Works, Pile Technology Divi- 
sion, \ here he will be concerned with 
certain electrochemical and metallurgi- 
eal problems, 


CURRENT AFFAIRS 


Mitton J. ALLEN has joined the 
staff of the CIBA Research Labora- 
tories, Summit, N. J. Dr. Allen was 
previously connected with the National 
Cancer Institute, Bethesda, Md. 


S. KrisHNAMuRTHY has been awarded 
the Ph.D. degree in science by the 
University of Bombay, Bombay. 


Joun McCa.ium is now employed as 
electrochemical engineer at Battelle 
Memorial Institute, Columbus, Ohio. 
Mr. McCallum came from Eastman 
Kodak Company, Rochester, N. Y. 


Gwyn Benson of Shawinigan Falls, 
Montreal, director of plant research for 
Shawinigan Chemicals Limited since 
1944, has been appointed European 
technical representative for that com- 
pany, and left for his headquarters in 
London early in March. Mr. Benson 
will travel throughout the western parts 
of the Continent, studying processes and 
keeping in touch with new chemical 
developments there. 


Frep M. Berkey has been appointed 
a supervisor in the engineering sales 
department of Monsanto Chemical 
Company’s Organic Chemicals Divi- 
sion, St. Louis, Mo. 


NEW MEMBERS 


In February 1952, the following were 
elected to membership in The Electro- 
chemical Society : 


Active Members 


Joun R. Atsert, T. C. Wheaton Com- 
pany, mailing add: North Delsea 
Dr., Route No. 3, Millville, N. J. 
(Battery, Electrodeposition, Electron- 
ics, and Theoretical Electrochem- 
istry) 

ANTHONY JOHN ANDREATCH, Naval 
Research Laboratory, mailing add: 
5826 3lst Place, West Hyattsville, 
Md. (Battery, Electronics, and Theo- 
retical Electrochemistry) 

Cyro pe Camarao, Instituto 
Teenologico de Aeronautica, mailing 
add: Rua Martim Francisco 263, 
Sao Paulo, Brazil (Theoretical Electro- 
chemistry) 

Hower The Detroit 
Edison Company, 2000 Second Ave., 
Detroit 26, Mich. (Corrosion, Elec- 
tric Insulation) 

Henry Leonarp Gitsert, U. 8S. Bu- 
reau of Mines, mailing add: 542 
N. 29 St., Corvallis, Ore. 

George W. Hearty, Union Carbide 


metal separations by 


DYNA-CATH mercury cathode 


For determination of aluminum in steel, 
aluminum in zine base alloys, and other 
separations—DY NA-CATH 
pletely new high speed mercury cathode 
apparatus which accelerates and does a 
more complete job in the analytical sep- 
aration of metals. For example, DYNA- 
CATH quantitatively removes 5 grams of 
iron from 100 ml. of electrolyte in 60 min- 
utes. It overcomes the difficulties which 
have prevented utilization of the mercury 
cathode as an analytical tool. 


fabulously fast 


is a com- 


Write for Bulletin 220. 
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and Carbon Research Laboratories, 
Inc., Eleetrometallurgical Division, 
Niagara Falls, N. Y. (Electrothermic) 

RaymMonp Kuczynsk1, Leeds 
& Northrup Company, 4901 Stenton 
Ave., Philadelphia 44, Pa. (Elec- 
tronics) 

Vernon A. Lams, National Bureau of 
Standards, Electrodeposition Section, 


Washington 25, D. C. (Corrosion, 
Electrodeposition) 
Electroplaters! 


The Los Alamos Scientific 
Laboratory is accepting appli- 
cations for the following open- 


ings: 
1. An Electroplating Shop 
.§ Supervisor with several years 
: of wide experience in the elec- 
: troplating field, preferably in 
: laboratory work. A college de- 
! gree in chemistry or chemical 
/ engineering is essential. Duties 
ye include working with ferrous, 
' non-ferrous, rare metals, and 
+ non-conductors; testing; and 
: supervision of a small electro- 
; plating shop. 
2. A technician-operator for 
. the electroplating shop. Must 
an have knowledge and experience 
— in various electroplating tech- 
niques. 


~ Write to Personnel Depart- 
4 ment, University of Califor- 
nia, Los Alamos Scientific 
: Laboratory, P. O. Box 1663, 
Los Alamos, New Mexico. 
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Henry P. Lanastron, Springfield Ar- 
mory, Springfield 1, Mass., mailing 
add: 44 Garden St., Springfield, 
Mass. (Theoretical Electrochemistry) 

Peter James Liprizzi, Allen B. Du- 
Mont Laboratories, Clifton, N. J., 
mailing add: 66 Mohr Ave., Bloom- 
field, N. J. (Electronics) 

Tapayukt NakayaMa, ¢/o Scientific 
Research Institute, Ltd., Komagome 
Bunkyo-ku, Tokyo, Japan. (Corro- 
sion) 

Eart F. Senxpert, Milwaukee Gas 
Specialty Company, P. O. Box 461, 
Milwaukee 1, Wis. (Electrodeposi- 
tion) 

Joserpn H. Simons, The University of 
Florida, mailing add: 1122 8S. W. 
Eleventh Ave., Gainesville, Florida. 
(Industrial Electrolytic and Theo- 
retical Electrochemistry) 

Harotp SmaAuuen, U. 8S. Naval Ord- 
nance Test Station, 60-A Rowe St., 
China Lake, Calif. (Eleetrodeposi- 
tion) 

BerNnarp Junior Srurm, Materials 
Chemistry Division, Oak Ridge Na- 
tional Laboratory, mailing add: Ches- 
ter Hall, Oak Ridge, Tenn. (Battery 
and Corrosion) 

Paut N. Taaoerr, General Electric 
Company, Syracuse, N. Y., mailing 
add: 123 Millen Dr., No. Syracuse, 
N. Y. (Electronics) 

S. J. Watipen, Boliden Mining Com- 
pany, Skelleftehamn, Sweden. (Bat- 
tery, Electrodeposition, Electrother- 
mies and Industria! Electrolytic) 

Suicero Yamacucui, c/o Scientific 
Research Institute, Ltd., Komagome 
Bunkyo-ku, Tokyo, Japan. (Corro- 
sion) 

Joun H. Zauner, c/o Eureka Williams 


Plant: 
Henderson, Nev. 


9036 Culver Blvd. 


Western 
Electrochemical Company 


Manufacturers of 
CHLORATE and PERCHLORATE CHEMICALS 
and 
BATTERY TYPE 


ELECTROLYTIC MANGANESE DIOXIDE 


Sales office: 


235 Montgomery St., 
San Francisco 4, Calif. 


Research and Development Laboratory 


Culver City, Calif. 
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Corporation, Bloomingto: (Ba 
tery) 

Ray A. ZimMERLY, Colunbia 
Company, mailing add: Ma 
nard St., Concord, Calif. (Corrog,, 
and Electrodeposition) | 


Student Associate Members 


GERALD 8S. Lozier, Western Resor, 
University, mailing add: 2085 Aq 
bert Rd., Cleveland 6, Ohio. (fj. 
trodeposition) 

Epwin J. Case Institute , 
Technology, mailing add: 993 Poy 
brook Rd., Cleveland Heights » 
Ohio. 


Reinstatements 


Gustav Dosrin, Perrine Quality Proj 
ucts Corp., 55 Rumford Ave. Wy 
tham 54, Mass. 

Jacques L. Broap, Lauderdale Ply 
ing, 522 N. E. First Ave., Ft. Ly 
derdale, Fla. 

Arne J. Danmarks Teknish 
Bibliotek, 10, Oster Voldgade, ( 
penhagen K, Denmark. 


LITERATURE 
FROM INDUSTRY 


PHANTOM REPEATER. 4-page bulleti 
describes Model 102 Phantom ki 
peater, a bridging amplifier with 
extremely high input impedance, whi 
is used to increase the accuracy : 
vacuum tube voltmeters and oscill 
scopes on high impedance circuits 
Complete specifications listed, including 
diagrams of applications, ete. Keith! 
Instruments. 


Pa 


X-Ray Dirrracrion & Specrno 
METRIC EQuIPMENT. New 60-page cats 
logue titled “X-Ray Diffraction an 
Geiger-Counter X-Ray Spectromet 
“quipment” has been released. |! 
addition to x-ray diffraction, spectrom 
etry and fluorescence analysis, th 
catalogue also includes such comp 
nents and accessories as tubes, rectifiers 
and cameras, sections on camera moult 
ing brackets, film illuminaters, ¢t 
North American Philips Co., Inc. 


Frequency Power Svrrti 
Cireular describes new 400-Cycle Mo 
tor-Alternator, meeting AN-E-19 
quirements for power supplies. Offer 
matked freedom from maintenance 
utilizes no rotating coils, requires ! 
brushes or springs, is small in size ale 
unusually compact. American | lect! 
Motors. 
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\orors. Bulletin and fact 
heet gives information on new line of 
-actiona! horsepower motors embody- 
‘ag an entirely new concept of motor 
esign and manufacture. Motors are 
available in open drip-proof and totally 
enclosed fan-cooled models; these have 
hundreds of applications—on pumps, 
fans, blowers, compressors, office and 
home appliances, ete. General Elec- 
trie Company. P-23 


[npUSTRIAL Furnaces. New 38-page 
booklet, entitled “Harnessing Heat,” 
tells how to match a furnace to your 
particular heat-treating problem. 
Twelve different types of furnaces— 
both gas and eleetrie—are described and 
their chief fields of application outlined. 
sections devoted to special furnaces and 
protective atmospheres. Westinghouse 
Eleetrie Corp. P-24 


ELecrROMETER. An improved vac- 
uum tube electrometer (Model 200A) 
at no increase in price makes possible 
more closely overlapping scale ranges 
md greater accuracy. Literature avail- 
able. Keithley Instruments. P-25 


Secentum Rectifiers. Illustrated 
catalogue, “A Guide to Better Plating 
Power,” describes complete line of 
Sel-Rex Selenium Rectifiers. Includes 
all types of rectification to provide 
de power for every electroplating, 
electropolishing, electrocleaning, and 
electrochemical need. Bart-Messing 
( ‘orp. P-26 


LABORATORY EQuipMENT. New edi- 
tion of “Laboratory” contains illus- 
trated descriptions of new laboratory 
instruments, apparatus, and techniques. 
Also articles of general scientifie in- 
terest. Fisher Scientific Co. P-27 


SISALIN Sections. Two-color bulletin 
on Sisalin Sections for both buffing 
and polishing tells how Sisalin Sections 
of unbleached muslin and sisal can be 
used for eight different polishing and 
buffing operations; gives specifications 
and includes field performance infor- 
mation. Hanson-Van Winkle-Munning 
Co. P-28 


To receive further information 
on any product or process listed 
here send inquiry, with key num- 
ber, to JOURNAL of The Electro- 
chemical Society, 235 West 102nd 
Street, New York 25, N. Y. 


Please print your name and ad- 
dress plainly. 


CURRENT AFFAIRS 


Let 


BURGESS 


Solve Your 


Battery 


Problems! 


Leader in 
Electrochemical 
Research 


Burgess is a pioneer in the field of 
Electrochemical research. For 
more than 30 years Burgess engi- 
neers have led in special battery 
development and manufacture. 
The complete Burgess facility .. . 
engineering . . . design . . . produc- 
tion... is available to provide the 
exact dry battery for any partic- 
ular application. 


Hundreds of Battery Types 


Already Available 
You may find the exact battery for 
your special requirements among 
the hundreds of types already de- 
veloped by Burgess engineers. 
Standard and special types are han- 
dled by Burgess distributors every- 
where, thus simplifying replacement 
battery problems for users of your 
equipment. 


Enter Your Requirements with Us! 


If you are in the design stage and need 
a special battery to meet special 
requirements, mail the coupon below 
for a FREE check-sheet to enter 
your battery specifications with 
Burgess engineers. They will then 
send you complete information on 
your special battery. 


| Burgess Battery Company i 
i Dept. ECS, Freeport, Ill. i 
| Please send, without cost or obligation a Burgess check- | 
| sheet for entering our dry battery specifications. | 


950 
Ya 
ile 
| 
MAIL COUPON TODAY! 
= |__| 
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Highlights of the Board of Directors’ Meeting 


The auditor’s report for the fiscal 
year January 1, 1951, to December 31, 
1951, was accepted. The Balance Sheet 
and Analysis of Expenditures and In- 
come are shown below. It should be 
noted that the expenditures exceeded 
receipts by $5,679.09. However, 
$3,342.93 was spent to publish Volumes 
95, 96, and 97, money for which was 
collected during previous years for this 
purpose. Also, a major portion of the 
item of “Furniture and Office Equip- 
ment” amounting to $2,187.61 is repre- 
sented by the purchase of new addresso- 
graph equipment, which should be 
amortized over several years. It should 
also be noted that the Audit shows in- 
come and expenditures for the Corro- 
sion Division. These are funds handled 
by the National Office for the Division. 

The budget which follows, showing 
the operation of our 1951 budget and 
the expected requirements for 1952, 
was adopted. 

The need for increasing dues and 


BALANCE SHEET 


December 31, 1951 wes . $19,330.54 

Furniture and Office Equipment. . $ 4,242.61 9. ........... 1,923.56 

Cash 12,528.39 (a) 97... 907 .07 

U. 8. Savings Bonds (Cost) 28,860.00 (b) Membership Directory........... 607.78 

Accrued Income on U. 8. Savings Bonds 4,212.00 

Secretary’s Department 
Salaries, full-time employees. $12,373.10 
Liabilities, Reserves, and Surplus Wages, part-time employees ....... 302.05 

Taxes Withheld from Salaries 273.00 Stationery and supplies. 1,244.49 

Life Memberships 1,519.47 Postage and express 1,352.49 

Prepaid Sustaining Memberships . 100.00 Traveling .. aaa 423.68 

Prepaid Subseriptions 2,854.00 Misce Haneous office expenses....... 892.87 

Reserve for Depreciation 428.18 Faraday Society... 2, 266.97 

$54 , 693.48 Local Sections: 

(a) Includes: $1,918.68 Corrosion Division Fund 
(b) Includes: $10,471.37 Corrosion Division Fund; $400.00 Co- 66.50 
(ec) Includes: $12,790.05 Applicable to Funds Detailed in (a) Washington- 92.50 
and (b). 50.00 
Furniture and office equipment.................. $ 2,187.61 Electric Insulation 20.00 

Publication Department Theoretical Electrochemistry Divi- 

Salaries, full-time employees . $10,183.90 Conventions....... 
Wages, part-time employees 209.00 Publication C committee 205 .00 
Rent 810.00 Corrosion Division........ ET 
Stationery and supplies 533.42 30.79 $24,458.% 
Postage and express............. 455.57 
Miscellaneous office expenses . 612.35 $13,193.75 Total... ees $65,512 


(Held January 25, 1952) 


subscription rates was then discussed. 
Since the rates are fixed by the bylaws, 
it is necessary that prior notice be given 
before they can be altered. Due notice, 
therefore, was given that at the Phila- 
delphia Meeting, May 4, 1952, the 
Board will consider a proposal to 
increase dues and subscription rates. 

Walter H. Prine, Chairman of the 
Sustaining Membership Committee, re- 
ported that since our last Board meet- 
ing, held in Detroit, four new sustain- 
ing members have joined the Society. 
These are: Air Reduction Company, 
Inc., New York, N. Y.; E. I. du Pont 
de Nemours & Company, Ine., 
Towanda, Pa.; Kaiser Aluminum and 
Chemical Corporation, Spokane, Wash.; 
and MeGean Chemical Company, 
Cleveland, Ohio. 

On the recommendation of Mr. 
Frank LaQue, it was decided to offer 
the bound Anniversary volume (1952) 
to members at the rate of $6 each, if 
orders are received before December 


Auditor’s Report 


15, 1952. After this date, the pate , 
be $15, the same as to nonimembex 

The advisability of publishing 
Ten-Year Index was discussed at y 
length. Since the cost will be pi, 
high, the Secretary was instructe; ; 
poll the membership as to their desire; 
obtain such an index at a cost pot 
exceed $10. 

A very complete report by 
Managing Editor was presented by |) 
Burns, after which he presented \\jg 
Eleanor Reid’s resignation, effec 
February 15, 1952. The reason for ¢ 
resignation was that Miss Reid plane 
to be married in the spring. The Bou 
gave her a unanimous vote of thank 
for her fine work on the Journa: 
the last four years. 

Dr. Burns then announced the y 
pointment of Mrs. Ruth Sterns , 
Assistant Editor, to start work » 
February 1, 1952, so that continuit 
the Editorial Office will be maintaine 

Henry B. Linrorp, Secreiy 


Publication expenses 
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INCOME 

92.30 
10,114.30 
4.00 
eutschen Bunsengesellschaft.................... 216.00 


embership Dues 
staining Memberships. . . 
le of Publieations : 
Back Transactions 
Reprints & Preprints 


Sustaining Memberships......................... 


expenditures over income 


Accounted for as follows: 


Surplus (reduction) 
Furniture and Office Equipment.............. 


ANALYSIS OF BuDGETS FOR 1951 ANbD 1952 


\onmember Journal Subscriptions. . 


Office Sale Journal 
Modern Electroplating 
Royalties—“‘Cathodie Protection” 
Deutsehen-Bunsengesellschaft . . .. 
Faraday Society 
Faraday Society Transactions 


onvention Registration 
dvertising 


onbudgeted—1952 Volumes 


rinting & Mailing Journal. . . 


ivel 


ublication Committee... . . 


onbudgeted—1952 Volumes 


ilaries 
ent 


ravel 
iditor 


pcal Sections & Divisions 
nize to Young Authors 


Expenditures—P ublication 


rogram Booklets & Convention Material. ...... 


iraday Society. ..... 


come 
Kpendit ures 
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2,096.84 
10,249.12 
322.80 
5,650.00 
4,087.25 
2,847.78 
1,774.80 
81.00 
146.48 


$59,832.11 


$ 5,679.09 


. $ 3,491.48 


2,187.61 


$ 5,679.09 


(Signed) H. K. Leicut, Auditot 


Income 
Budget, 1951 Actual, 1951 
$25 , 000 $24,913 
6,000 5,650 
2,500 $ 2,262 $ 1,600 
2,500 2,740 3,000 
8,000 10,249 10,000 
400 491 500 
600 S49 400 
800 780 400 
300 216 200 
500 500 
1,750 2,097 2,000 
17,350 19,684 
3,000 2,848 
3,500 4,087 
$54 ,850 $57 , 182 
$22,000 $19,331 
2,000 2,390 
10,200 10,390 
855 810 
1,500 1,601 
500 390 
325 205 
$37 , 380 $35,117 
$12,184 $12,675 
855 810 
3,100 3,490* 
400 424 
175 160 
900 915 
100 100 
1,400 1,348 
1,7. 2,267 
$20 , 864 $22,189 


$57 , 182 
57 , 306 


Proposed Budget, 1952 


$27 , 500 
6,700 


18,600 
1,500 
10,000 


$64 , 300 
36 


$14,000 
810 
3,000 
500 


_ | 
$41,310 
400 
Expenditur 
1,400 
$22,990 
$21,458.1 Summary of Budgeted Income and Expenditures 
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Nonbudgeted Income 
Thompson Monograph 
Emblems 
Interest 
Corrosion Division 
Membership Directory 
Bound Volume—1952 


Total 
Total Budgeted Income 


Total Income 


Nonbudgeted Expenditures 
Addressograph Equipment, ete. 
Directory 
Back Volumes 
Corrosion Division 
Emblems 
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Total Nonbudgeted Exp. a6 
44 Total Budgeted Exp. 
81 
1,775 
580 
24 
-_— SUMMARY OF OVER-ALL OPERATION 
$ 2,650 or SocieTy ror THE YEAR 1951 
57, 182 
Total Budgeted Income.................... $57 194 
$59,832 Total Nonbudgeted Income 
Total Income 50 
Total Budgeted Expenditures 57.4 
. $ 2,188 Total Nonbudgeted Expenditures 8 4 
608 Total Expenditures. 65.5) 
3,344 Excess Expenditures Over Income... ... $567 
2,034 ( 233.58 penalty and interest a/e delinquent retyy 
31 * Includes; W/H tax for Ist and 2nd quarters 1948 
| 290.00 for 2 printings ‘Aims and Activities” hook) 


RECENT PATENTS 


Selected for electrochemists by Fred 
W. Dodson, Chairman of the Patent 
Committee, from the Official Gazette. 


December 4, 1951 


Camin, E. L. A., Hybinette, 8. E., 
and Taylor, H. B., 2,576,922, Electro- 
deposition with Nickel 

Chester, A. E., 2,576,997, Acid Zine 
Electroplating and Electrolyte There- 
for 

Main, R. F., and Hansen, H. F., 
2,576,998, Method of Electroplating 
Zine 

Chester, A. E., Main, R. F., and Han- : 
sen, H. F., 2,576,999, Method of Elee- 
troplating Zine 

Smith, A. L. J., 2,577,161, Cerium 
Activated Calcium-Magnesium Sili- 
cates 

Rios, K. J., 2,577,209, Infrared Release 
of Water of Crystallization 

Reid, F. H., 2,577,364, Rhodium Plating 

Reid, F. H., 2,577,365, Rhodium Plating 

Bartlett, K. M., 2,577,644, Apparatus 
for Anodically Treating Internal Sur- 
faces 

Proff, P. H., and Murphy, L. G., 
executor of said Proff, P. H., de- 
ceased, 2,577,714, Battery Cable 
Clamp 


December 11, 1951 


Westby, G., 2,577,833, Process for 
Electrowinning Chromium 

Tichenor, R. L., 2,578,027, Storage 
Battery Charging System and 
Method 

Coleman, E. D., 2,578,044, Electrode 
Structure 

Miller, J. R., 2,578,145, Apparatus for 
Handling Liquids 


Longaker, E. L., 2,578,191, Storage 
Battery Terminal 

Mudge, W. A., 2,578,197, Thermostatic 
Device 

Cohn, C. C., 2,578,400, Method for 
Providing Oxide Coating on Alu- 
minum and Its Alloys 

Ditz, C. H., and Hussey, H. A., 2,578,- 
518, Molding Composition for Battery 
Containers 

Giles, J. D., and Seott, R. J., 2,578,534, 
Separator for Electric Storage Bat- 
teries 


December 18, 1951 


Strickland, H. A. Jr., 2,578,760, Elee- 
tric Furnace and Stock Feeding 
Means Therefor 

Renzoni, L. S., 2,578,839, Nickel Libera- 
tor Cell 

Orlik, H. G., 2,578,898, Electrolytic 
Removal of Metallic Coatings from 
Various Base Metals 

Rigby, F. L., 2,578,946, Acid Hydrolysis 
of Proteins 

Cook, W. J., and Tuck, J. H., 2,578,968, 
Starting Sheet for Electrolytic Sepa- 
ration of Nickel 

Sachs, C. C., and Bond, J., 2,579,095, 
Photopolymerization Process and 
Photopolymerizable Compositions of 
Matter 

Hubbard, D. O., 2,579,234, Vacuum 
Seal for Fluorine Generation System 

Reid, A. F., 2,579,243, Method for the 
Production of Radioactive Isotopes 

Brennan, R. M., 2,579,250, Electrolytic 
Condenser for Use on Alternating- 
Current Devices 

White, W. C., 2,579,352, Method and 
Apparatus for the Quantitative Meas- 
urement of Impurities in an Atmos- 
phere 


December 25, 1951 
Eckman, H. A., and Maack, H. W.. 


2,579,452, Malleable Lron with Bony 
and Bismuth 

Zadra, J. B., 2,579,531, Process { 
Extracting Gold and Silver 

Corsini, N., 2,579,551, Eleetrolytid 
Process and Apparatus for Ma\j 
Copper Dust 

Ebert, T. E., 2,579,557, Counter Ex. 
trode of Selenium Rectifiers 

Lehmberg, W. H., 2,579,589, Stong 
Battery Separator 

Weisberg, L., 2,579,636, Electrodeyo 
tion of Nickel 

Kurlandsky, 8., 2,579,743, Dry (: 
and Electrode Therefor 

Upper, J. A., 2,579,885, Pouring 
Furnace 

Butler, K. H., 2,579,900, Improve 
Calcium Halo-Phosphate Phosphor 

Zinn, W. H., 2,579,994, Neutron De 
sity Indicator Device 

Gier, J. T., Boelter, L. M. K., an 
Bromberg, R., and Dempster, 
2,580,293, Thermopile Radiometer 


January 1, 1952 


Ellis, G. B., 2,580,415, Primary (© 
Structure 
Diley, J. I., 2,580,530, Battery Sum) 
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Rare Metals from a Producer’s Point of View 


a title is both indefinite and a challenge—indefinite because 
“rare”? has several meanings; a challenge because it may merely signify neglect. Nor 
is it easy to draw a sharp line between metals and nonmetals. Perhaps the most useful 
tool in a research laboratory is the chart of the periodic system of the elements gen- 
erally found hanging on the wall. Those metals found tagged by custom as “rare,” 
and to a lesser degree as “precious,”’ 
are psychological. 

The first handicap to be overcome is the impression that “rare’’ connotes scarcity. 
What is the use of developing something if there is only a limited quantity of the ele- 
ment available at a probably, prohibitive price? Right there we have to leave the labo- 
ratory and investigate why the element with the particular property desired is scarce. 
How quickly germanium dusted itself off when the transistor demand arose! An 
uncommon metal may be anything but scarce in nature—titanium, for instance. 
Here undeveloped metallurgy was the barrier in the road which the present demand 
is rapidly demolishing, and the price will undoubtedly continue dropping as tonnage 
rises. 

Prices do not mean much when they are based upon beggarly tonnages. Indium 
can certainly be classed as a rare metal. It is currently quoted on an ounce basis, but if 
a firm demand developed for a tonnage which would justify zine producers in making 
the necessary capital expenditures to change flow sheets in order to recover indium 
now lost, major price reductions would follow. The laboratory should therefore in- 
vestigate the reason for any apparent scarcity. 

On the other side of the picture the technical staff of a metallurgical company 
should not rest until a complete market is established for all the recoverable con- 
stituents of its ore. The discovery of uses for the neglected elements is a fascinating 
and sometimes quite simple operation. The problem is to bring the possible producer 
and the possible consumer to a mutual understanding of the joint opportunity. 

First it is necessary to form a clear view of the commercial picture. How large is 
the ultimate source of the substance at your command? How much competitive pro- 
duction would spring up? Price will generally be found secondary to tonnage and a 
matter for later adjustment. No prospective consumer wants to waste time on a new 
product without reasonable assurance that a commensurate tonnage will be avail- 
able. 

Next all known information on the chemical and physical properties of the mate- 
rial in question should be assembled, filling in any serious gaps experimentally if 
necessary and including alloys when indicated—bismuth found itself in alloys and 
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Editorial (continued) 


indium is rapidly doing so. Also be sure to deal with high purity material. Mere 
traces of certain impurities in zine will make it soluble in sulfuric acid. Impurities 
in gallium cause it to wet glass. Having obtained data on the properties of a rare metal, 
it is important that these be scanned for unusual characteristics. In the case of, let 
us say, gallium the very low melting point (30°C) as compared with the high boiling 
point (2070°C) stands out. This property of gallium suggests its use in place of mer- 
cury in various switching and rectifying devices. 

Armed with this information you are now ready to visit all kinds of plants, offering 
free samples in any reasonable quantity plus all available information and with no 
patent blockade. The result will generally be more responsive interest than was 
thought possible, your only cost is that of distributing samples of a hitherto unsalable 
product and the other fellow pays the expenses of the tests in his laboratory on his 
own probably secret application. Each success will breed a dozen others. 

Returning to the main thesis, the next handicap is the traditional use tag on many 
substances. Arsenic is apt to be thought of only as a poison, gold as jewelry, thallium 
as a rodenticide, bismuth as a drug. Coupled with this is the slothful resistance domi- 
ciled in many of us to new ideas. Years agc aluminum had to contend with all these 
barriers in the course of the change from a laboratory curiosity to a major metal. To 
be sure these are mainly psychological but they exist in a laboratory as well as every- 
where else. 

Finally there is the fairly close duplication of some of the properties of one metal 
by those of a brother of less cost. Cobalt has always had to contend with nickel, cad- 
mium with zinc, and so on. Here again is where the exceptional property has to be 
recognized and seized upon. 

The moral of all this is that the rare metal, alias neglected element, needs a sponsor 
as much as does a radio program. Perhaps the best of the meanings that could be 
given to “rare”’ is “unfamiliar.’’ Take a list of the elements and read off some of those 
with names like a Pullman car and see how many of your friends can tell without 
reflection which are even metals! 

Many of the rare metals concentrate in the dusts, fume, and slimes of electro- 
chemical processes and The Electrochemical Society is not only a suitable forum but 
perhaps a vitalizer in the discussion of what has been largely a neglected field Papers 
dealing with the occurrence, properties, processes for recovery, or even imaginative 
use, of the neglected elements should be encouraged by the Society. The field is ours. 
—LAWRENCE ApDICKS 
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RARE METALS AND THE ELECTROCHEMICAL SOCIETY 


Martin F. Quaely* 


When The Electrochemical Society was founded in 1902 

object was recorded as being the “advancement of the 
heory and practice of Electrochemistry.” No sections or 
visions were to be established for some years. Nowhere was 
here any mention made of “rare”? metals nor was the term 
tronics in use; for, at that time, the great science which 
4s to be known as electronics was only being born, and the 
undations for it were being established. With electronics 
ere was to come the urgent call for new metals of very 
gh purity, which had special properties of thermionic emis- 
in and were able to withstand high operating temperatures. 
The Electrochemical Society did not await the maturity of 
ectronies before it fostered discussions and publications on 
ie “rare” metals. The history of rare metals and the history 

the Society have advanced together. The history of the 
bre metals, however, is somewhat difficult to chronicle, inas- 
buch as many of the elements included in the category of 
re metals are not truly rare in occurrence; rather, methods 

recovery and commercial applications have not been fully 
veloped. Furthermore, many of the elements have gradu- 
ed from the class of rare metals during the life of the So- 
ety. Classical examples are aluminum and magnes'um, the 
yoduction of which now amounts to millions of pounds per 
ar. Thus, we are facing a constantly changing picture 
herein the rare metals of today are the commercial metals 
tomorrow. 

Although Hall developed his process for making aluminum 
) ISS6, this metal was still considered rare at the turn of the 
tury, and there were very few who had seen any pure 
uminum, At the first meeting of the Society in Philadelphia 
) April, 1902, Burgess presented the first paper (1) on the 
pre metals, in which he described the use of aluminum in 
ectrolytic rectifiers. 

In 1903, the Society was given the opportunity to foster 
search in the rare metals when A. B. Frenzel of Denver, 
olorado, “offered the sum of two hundred and fifty dollars 
a prize to the member of this Society presenting the best 
iper embodying his research on practical methods of treat- 
¢ the rare minerals found in America, and extracting the 
re metals therefrom. ...’’ Mr. Frenzel also “offered to fur- 
sh free, for research purposes, any reasonable quantity of 
ich ores as were at his disposal, such as ores of uranium, 
snadium, molybdenum and tungsten.” The Board of Di- 
‘tors of the Society accepted the offer with thanks. The 
nize remained unclaimed for several years. 

At the New York meeting of 1903, Hammer gave an illus- 
rited lecture on radium and other radioactive substances, 
ul on the properties and applications of selenium. This 
ture also included a discussion of phosphorescent and flu- 
rescent substances, 
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One of the first lectures and demonstrations to be given in 
this country on the aluminothermic process for the produc- 
tion of chromium, manganese, and molybdenum was pre- 
sented by Hans Goldschmidt at the St. Louis Exposition 
meeting in 1904. The important “Thermit”’ process had its 
origin in the early experiments of Dr. Goldschmidt. 

Through the years, a large number of papers have appeared 
on the subject of chromium plating. Carveth and Curry (2) 
at the Boston meeting in 1905 reviewed previous attempts 
at plating chromium and gave results of their experiments. 
Some slight success was reported. Also, at the same meeting, 
Tone (3) described the practical preparation of “amorphous” 
silicon by the reduction of silica with carbon in the electric 
furnace. This paper was a starting point for additional papers 
on the use of the electric furnace for the preparation of metals 
and metalloids. 

With the introduction of the incandescent lamp about 
1879-80, there soon arose the problem of finding a substitute 
for the carbon filaments. These were gradually replaced by 
osmium and tantalum. The subject was reviewed by Vice- 
President Roeber (4) at the Bethlehem, Pennsylvania, meet- 
ing of 1905. He presented a short discussion on the thermo- 
dynamics of the incandescent lamp, pointing out the 
weaknesses of the carbon filament, the use of osmium in 
von Welsbach’s lamp and of tantalum in the lamp of von 
Bolton. Von Bolton tried filaments of vanadium, niobium, 
and tantalum. The tantalum, which proved most useful, 
was prepared in one of two ways: (a) filaments were 
formed of brown tantalum tetroxide; with the filaments in a 
vacuum, an electric current was passed through them so 
that there was decomposition of the oxide and fusion or sin- 
tering of the metal; after heating thus for some time, a 
ductile wire was obtained; (6) potassium tantalum fluoride 
(K2TaF;) was reduced with potassium to form impure tan- 
talum, which was purified further by heating in vacuum. 

At the Ithaca meeting in May, 1906, the Board of Direc- 
tors of the Society was able to announce that the Frenzel 
Prize of two hundred and fifty dollars was awarded to Gus- 
tave Gin of Paris, France. At the same meeting several 
papers were presented on molybdenum, and one on elec- 
trolytic chromium. Watts (5) showed the possible existence 
of a silicide having the formula MoSig. This compound has 
recently found an important use as a protective coating for 
molybdenum. Brown (6) reduced molybdenite with a mixture 
of lime and carbon to produce a molybdenum metal which was 
very brittle. In fact, the metal contained only 93.8 per cent 
molybdenum, the chief impurity being iron. 

As translated from the French by Richards and Landis 
the first part of the Frenzel Prize essay by Gin was offered 
at the New York meeting of 1907. This first part contained 
a discussion of the occurrence of molybdenum in its va- 
rious ores, followed by the recovery of the metal through the 
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various stages of treatment; concentration of the ore and 
chemical purification of the concentrates combined with 
roasting to yield a purified molybdic oxide. In all, a total of 
ten methods for the recovery of molybdic acid were discussed. 
Gin also gave a number of processes for preparing molyb- 
denum metal and alloys including hydrogen reduction of 


Fic. 1. Reduction furnace in operation® (800°C) 


Fic. 1-3 show apparatus for production of titanium deve!- 
oped by U. 8. Bureau of Mines. Titanium tetrachloride is pro- 
duced by heating the ore with carbon in chlorine. The tetra- 
chloride is reduced in sealed containers with magnesium, and 
the spongy metal so obtained is sintered and finally forged or 
rolled into desired shapes. 


the oxide, aluminum reduction of the oxide, hydrogen re- 
duction of the chloride, and electrolysis of a fused salt 
mixture of the chlorides of sodium and molybdenum. Gin 
completed the picture with a schedule of methods for the 
analysis of molybdenum, its ores, and compounds. 

The second part of Gin’s memoir, wherein he covered the 
preparation of tungsten from its ores, was published in 1908. 
Various compounds of tungsten, such as carbide, boride, and 
silicide, and combinations of tungsten with the metals alumi- 
num, nickel, iron, manganese, chromium, molybdenum, lead, 
and copper were discussed. Five processes for the recovery 
of tungsten were evaluated. The danger in predicting the 
success or failure of a particular process, however, is indi- 
cated by Gin’s error in relegating the hydrogen reduction of 
the oxide to the realm of laboratory curiosities. This process 
is the only one that has much commercial significance today. 
As with molybdenum, this paper on tungsten was completed 
with a review of its analytical chemistry. 

In addition to his memoir on the recovery of the rare metals, 
Gin offered a number of other papers before the meetings of 
the Society. At Niagara Falls, Canada, in 1909, he discussed 
the preparation of ferro-vanadium by electrolysis and the 
manufacture of silico-vanadium. At the same meeting, the 
physical properties of crystalline silicon were given by Zim- 
merman (7). ‘ 

In the first few years only a couple of papers were given 
annually before the Society on subjects relating to the rare 
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metals. In the year 1909 this situation change:|, hove, 
when a total of eight papers was published. | ‘ga, Py 
Smith described the rapid electrolytic determina: ion of . 
nium, tungsten, and molybdenum, among other mot 
Although the use of tungsten as an incandescen| lamp fj 
ment was introduced about 1904, the search for more oy 
able filament metals went on. Among the materia|s tried 

boron, to which Weintraub (8) referred as follows: “Ro, 

belongs at present, together with a number of other elenes 
such as zirconium, uranium, ete., to the class of practic, 

unknown elements.”’ After experimenting with various ky 

methods, Weintraub succeeded in producing fairly pure ho, 

by reduction of boron chloride with hydrogen in ay alt 
nating current are with co pper electrodes. 

Frary and his colleagues (9), and also Johnson (10). » 
ported the electrolytic preparation of calcium metal jy 
series of papers. 

From time to time a paper was presented before the § 
ciety on radioactive materials. Schlundt and Moore, in 1%; 
described methods of separating the radioactive componer 
of thorium (11). A little later Johnson (12) reviewed 4 
electrochemistry of polonium. 

The third part of the memoir of Gin on the preparation 
the rare metals was published in 1909 on vanadium. Appw 
ently, the methods available for preparing the metal w 
limited as he considered only the reduction of the tet: 
chloride with hydrogen. Gin did not, however, prep 
vanadium, but alloys, mainly ferrous. The paper was « 
cluded with a presentation of the analytical chemistry 
vanadium. 

Tungsten filament lamps had now become available av 
while the light output was much higher and a longer use 
life could be expected, the industry was still faced with 
problem of brittle filaments. Fink and his coworkers attack 


Fig. 2. Crude titanium sponge mixed with magnesium : 
magnesium chloride before removal frem reaction pot. 


this problem, and finally developed ductile tungsten as W 
as ductile molybdenum (13, 14). Ductile tungsten or ductt 
molybdenum were used by Winne and Dantsizen (15)! 
furnace heating elements. 

At Toronto, in 1911, Hirsch (16) read a paper on 
preparation and properties of metallic cerium which was tl 
coming into extensive use. The preparation of the metal 
attempted by thermal reduction of cerium compounds, \! 
was not particularly successful. However, the electrolys: 
the anhydrous fluorides and the anhydrous chlorides # 
better results. The cerium could be purified by the format 
of the amalgam to eliminate impurities. The physical 
chemical properties of the metal were recounted. 

The Board of Directors of the Society found it advis! 
in 1913 to appoint various sectional committees to fo" 
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Cl, howeys terest in) the work of the Society in the respective fields. 
ldgar Py hile no committees were appointed directly on electronics 
{1100 Of ll rare mctals, these fields of endeavor were believed to be 
ther met, ‘thin the seope of the appointed committees. 


nt lamp { The years 1914-16 were a period of hard times for most 


MW TOKE syj | also for the Society. Only two papers on rare 
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als tried y ‘tals were presented in this period. Hillebrand (17) dis- 
OWS: “Bong ced gallium and later in the year Fischer presented a 


her elemen 
practieg 
rious kn 

pure bo 
in an alter 


mprehensive essay (18) on the electrolysis of aqueous solu- 
ons of vanadium salts. This was an extensive piece of work, 
| still remains the most complete exposition on the sub- 
t. As only negative results were obtained, Fischer re- 
ted: “It is obvious that with the element vanadium one 
not likely to obtain the metal as cathode deposit from 
jueous solutions, due to the high heats of formation of the 
ts and to the great tendency shown by this element to 
vm vanadates.”” And to this day, nobody has yet succeeded 
. obtaining vanadium metal by electrolysis of aqueous 


son (10), 
metal jn 


fore the § 
ore, in jutions. 

Toward the end of World War I interest in radium and 
,jioactive materials was on the increase and the publi- 
tions of the Society reflected this. The use of radium in 
arfare was deseribed by Viol and Kammer (19) in 1917. 
nderwood and Schlundt (20) described an apparatus for 
parating and determining radium emanation, while Lind 
11) discussed the heterogeneous equilibrium of hydrogen 
nd oxygen mixed with radium emanation. 


component 
eviewed th 


reparation 
jum. Appa 

metal wi 
f the tet: 
yer, prep: 


er Was CMM At the time of the presentation of the first three sections 
themistry i; the memoirs of Gin, a short communication on uranium 

as received with the statement that it would be followed 
railable an y a longer dissertation on uranium, corresponding to those 
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“ed with t 
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n molybdenum, tungsten, and vanadium. However, nothing 
uther was received, and due to the increasing interest in 
ranium the short communication was published in 1919 
2). In diseussing this paper Lind offered the following com- 
ents: “The postponed publication of Mr. Gin’s paper at 
ie present time lends to it an added interest in affording an 
pportunity of tooking backward at the rapid changes that 
ave taken place during the past ten years in the metallurgy 
f the rare metals ...and any process for uranium which 
pes not lend itself to the recovery of radium must be dis- 
ded. Uranium is not only at present a by-product, but one 
hat must struggle hard to find a commercial outlet; only a 
mall portion of the uranium being produced in the radium 
dustry is finding a market at the present time.’’ What a 
hange in demand has occurred since that time! 

In the latter years of the war there also appeared several 
ther papers connected with rare metals. These were on the 
lectrolytie behavior of tungsten (23), the preparation of 
jure alloys for magnetic purposes (24), including the prepara- 
in Of pure iron, and on the role played by silicon and 
itanium tetrachlorides during the war (25). 

During World War I, high frequency induction heating as 
means of preparing pure metals proved itself a successful 
ontender for recognition in the field of metallurgy. In order 
# expand the knowledge of this relatively new tool Northrup 
resented two papers before meetings of the Society, one on 
he principles of inductive heating (26), and one on advance- 
nents in inductive heating at high frequencies (27). 

In the spring of 1920 at the Boston meeting, a series of 
even papers was presented and this might be considered the 
ust organized symposium on rare metals, although it was 
Wt labeled as sueh. Papers were offered on ferro-vanadium 
28), ferro-cerium (29), electrical resistance alloys (nichrome) 
130), el-ctrolytie ealeium (31), electrolytic chromium (32), 
tellite 43), and electrical properties of titanium alloys (34). 
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Fig. 3. Vacuum furnace for distillation of magnesium and 
magnesium chloride from titanium sponge. 


In 1921 it was recognized that the interests of the Society 
could be better served by forming divisions of the Society. 
The constitution of the Society was amended so that “Pro- 
fessional groups, to be known as Divisions of the Society and 
to be organized from its members, may be authorized by the 
Board of Directors.”’ The first divisions of the Society to be 
formed were those on Electrothermics and Electrodeposition. 
Many of the early papers relating to the rare metals were 
presented under their auspices. 

The first formal symposium, an interesting and compre- 
hensive session on the “Production and Applications of the 
Rarer Metals,’’ was arranged by Becket for the New York 
meeting in 1923. It is interesting to recall some of the com- 
ments made by James in his keynote address (35): “Some 
metals may have been neglected either because they were 
considered to be absolutely useless, or because they appeared 
to be too rare. When an element is condemned as being use- 
less, it is evident that its characteristic properties are deeply 
hidden .. . we find that in many cases good methods of sepa- 
ration and recovery are completely lacking. The separation 
of tantalum and columbium is such a case. It is highly prob- 
able that in all difficult tasks, the worker, at times, is liable to 
become discouraged. However, we have many fine illustra- 


Fic. 4. Main floor view of U.S. Bureau of Mines zirconium 
production plant. 
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tions in the past where the problems seemed hopeless, but 
where the work was finally crowned with success.” 

Among the papers that were presented at the symposium 
which drew considerable discussion were those on fuzed zir- 
conium (36) and uranium (37). Cooper treated zirconium 
carbide with chlorine to yield zirconium tetrachloride, which 
in turn was treated with sodium metal to give zirconium. 
This is basically the same method now used to commercially 
produce zirconium and titanium. Moore described the prep- 
aration of uranium wherein uranium tetrachloride was formed 
by treating U,sOs with sulfur monochloride. The UCl, was 
then reduced with sodium to produce uranium metal. In 
another paper, experiments on the use of the elements, ura- 
nium, boron, titanium, zirconium, cerium, and molybdenum, 
as alloying additions in steel were disclosed. However, in the 
light of present-day evidence it appears that conclusions 
drawn from these experiments may be somewhat erroneous, 
especially when the author reports that both boron and 
cerium are harmful in steel. Also included in the symposium 
were three communications on the platinum metals. In all, 
a total of fourteen papers was presented at this meeting. 

The spring meeting of 1924 at Philadelphia produced only 
three papers on the rare metals. Two of these were on elec- 
trolytic production and metallurgy of beryllium by Hopkins 
and coworkers (38, 39), the first papers on the subject before 
the Society. Further attempts to electroplate tungsten were 
described by Mann and Halvorsen (40). During the same year 
two more papers appeared, one on fused salt electrolysis 
methods for the preparation of tungsten (41), and the other 
on stainless chromium steels by Hatfield (42). Stainless steels 
were just coming into everyday use, and it was rather for- 
tunate for the Society to be able to hear from the originator 
of one of the types of stainless steel. 

Another session relating to rare metals, but held under the 
topic of “Fused Electrolytes,” was conducted at Niagara 
Falls, New York, in the spring of 1925. Seven papers of par- 
ticular interest were given. The data on aluminum were 
brought up to date in papers by Frary (43), and Edwards 
(44). Other papers were on boron, cerium, neodymium, 
beryllium, and zirconium. 

During the next few years, almost every meeting seemed 
to produce a paper or two. At Philadelphia in 1927, there 
were three papers on tungsten and molybdenum, concerning 
chiefly the preparation of pure oxides from the ores and their 
reduction to metal by hydrogen. These were followed in time 
by papers presented on thallium, beryllium, cerium, colum- 
bium, tantalum, germanium, and indium. 

During the twenties the number of papers on rare metals 
and related subjects was on the increase, and this more or 
less necessitated the formation of committees to guide the 
work. In 1930, a Technical Committee on Electronics was 
formed with Herman Schlundt as chairman, and O. H. Cald- 
well as member. This led to the establishment of the Elec- 
tronics Division. Upon the recommendation of President 
Kahlenberg of the Society, the Board of Directors approved 
of the formation of this new section at the Birmingham 
meeting in April 1931. Professor Schlundt was elected first 
chairman of the new Electronics Divisiou with O. H. Cald- 
well and J. A. Becker as members. At this meeting several] 
papers appeared on the electrodeposition of rare metals 
(45-47). 

The increasing interest in the rare metals during the early 
thirties is reflected in the increased volume and diversity of 
topics published. Stock’s (48) paper in 1932 on beryllium 
was a forerunner of others on the same metal in later years. 
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He produced beryllium by fused salt electrolysi 
which was started with NaBeF; and continued 
of BaBe2Fs. Molybdenum, titanium, german) 
rhodium, tantalum, and columbium were also 
discussion at various meetings of the Society in | 

At the spring meeting of 1934 in Asheville, Nori), Carolin, 
Hall and Koenig (49) described the electrochemic. | propertie 
of germanium; Calhane and Laliberte (50) ex)lained 4, 
electrolytic valve action of columbium and tantalum oy J 
circuits; and Gray (51) discussed the electrodeyositioy , 
indium. 

After a period of nearly twelve years, the fall of 1934 foyy, 
the Society meeting once again in New York City. The mai 
session consisted of a symposium on the “Electrochemisty 
of the Rarer Elements.” The minutes of the meeting not 
that the most important strides had been made in the {ie 
of rare elements in the years that had elapsed since th 
previous New York meeting. It was further recorded: “Pig 
valuable alloying properties of beryllium and lithium hay 
been commercially established.—Barium has usurped tho 
rium’s dominating position as an electron emitter and ‘get 
ter.’ Germanium has become a ‘forced’ by-product of tly 
electrolytic zine industry. Bismuth is no longer primarily , 
pharmaceutical interest, but has found many new mets 
lurgical uses. Columbium has invaded the steel plant.—Tung 
sten, as carbide, has displaced diamonds for drills, dies, ete’ 
In these intervening years the discovery of six additions 
elements was also disclosed. 

At that meeting, papers were presented on the followin 
subjects: titanium in metallurgy (52), vanadium (53), th 
rium and uranium (54), europium (55), cerium group meta 
(56), ealeium (57), nickel-barium alloys (58), lithium (59 
gallium (60), boron carbide (61), electrolysis of nonaqueow 
solutions of rare earth metal salts (62), beryllium (63 
deposition of tungsten-iron alloys (64), tungsten (65), and 
rhenium plating (66). 

In 1936, at Cincinnati, there were papers tracing the de 
velopment of columbium from a curiosity to a full:seale com 
merical product (67), and also, on the rare earth metals (6s 

During the late thirties the rarer metals were becomin 
less and less laboratory curiosities. Many of the metals cou 
be obtained in a high state of purity, and the papers whic! 
were presented before the Society in this period were con- 
cerned chiefly with the properties and applications of tl 
metals. 

For the Ottawa meeting of 1940, there was a session 01 
“Electronics and Electrothermics.” Of special importance, 
in the light of later developments, was the presentation 0! 
paper on the production of ductile titanium by Kroll (6! 
who prepared the metal by reducing TiC', with pure maz 
nesium in a molybdenum-lined crucible, in the presence «! 
pure argon, at a temperature of about 1000°C. By leaching 
and acid treatment, the titanium was separated from impu! 
ties. The powdered metal was compressed and sintered ' 
vacuum. During the preparation and handling it was of prime 
importance to avoid contamination with oxygen or nitroge! 
That it was feasible to produce a ductile metal in quanti 
was readily shown, and later developments in this directo! 
have stemmed from the researches conducted by Kroll an! 
his colleagues. 

During World War II, the activities of the Society we" 
somewhat curtailed. Many new developments were (las 
fied as secret. The majority of the papers on rave mets 
that were published were concerned with the elec‘ rodep 
tion of the metals or of their alloys. 
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na me js it wo- the policy of the Society that each division be 
AAditio vided by « code of bylaws, it became necessary for the 
indium -ctronic Division to draw up such a code. After having 


an . passel upon by the Policy Committee of the Society, 
penog » bylaws were accepted by the Board of Directors on July 

\t the meetings held in 1943-44 a number of papers of 
ned th “siderable importance appeared. With his continuing in- 
a in tungsten, Fink (70) described the preparation of 
ition 4 oe tungsten direct from ore by electrolysis from fused 

i and fused phosphate baths. During the war the air- 
“ oun jane engine manufacturers were interested in obtaining 
he mal wh bearing materials. Several of our members made valu- 
aan, ble contributions in solving the problem, and the diffused 
{-indium bearing resulted through their research. Two 
the fie - papers were presented on indium, one with direct 
nee tha rence to the lead-indium alloys (71). The other (72) per- 
es ined to the recovery of indium from lead-tin alloys. Balke 
rp how “3) disclosed a method for preparing pure columbium oxide 
ir columbium carbide. A ductile metal is eventually ob- 
tained. 

, Although the meetings scheduled for 1945 were cancelled 
nly « » account of the war, it was possible to hold several regional 
| a meetings, at which a number of important papers were pre- 
4 rented (74-79). 
ditions After the war the regular meetings of the Society were 

resumed. The first was in the spring of 1946 at Birmingham, 
sllowingmnvere another symposium on the rare metals was held. Ten 
3). thogggeapers were presented, three of which dealt with beryllium 
, mets) Dr. James’ comments in 1923 on beryllium, and the 
m (30 difficulties in recovering this metal, are most interesting at 
aqueous point; 23 years later, the three papers at the symposium 
m (ee owed that beryllium was now in commercial production 
5), ae’ many important uses. Similar examples could be cited 


jor other elements. The release from wartime restriction was 
the degumerident from the subject matter presented at the symposium. 
ln addition to beryllium, other topics for discussion included 


‘ em the production of calcium (81), the working of molybdenum 
2), ductile zirconium (83), scandium (84), uranium and 
= ndium (85), the electrochemistry of the rare earth group 
» whi), and germanium (91). In connection with the sympo- 
re conn, a “Rare Metals Exhibit” was held in which there were 


“of th splayed samples of germanium, zirconium, and beryllium. 
At succeeding meetings of the Society the rare metals were 
the subjects of discussion many times. Although no formal 
vssion on rare metals was held during 1947, the Electron- 
‘on of a’: Division did sponsor a session on “Electronics” at Lou- 
(60) Wille, where several papers concerned with the rare etals 
were presented. These were on cobalt (87), zirconium (88), 


sion On 


portance, 


7 wd tantalum (83). A paper also appeared in the same year 
aching” malleable zirconium (90). 
impu The next Symposium on Rare Metals took place at the 
Saad id Columbus meeting of April, 1948. Twelve papers were pre- 
sf prime sented, and the interest was so great that, at the annual 
‘trogen. Sess meeting of the Electronics Division, it was decided 
uantit form a Rare Metals Group within the Division, and to* 
rection POnSOr yearly symposia on the Rare Metals. The Columbus 
‘oll and) ™Posium, especially, was of value because there were so 
ny papers on the production of the rare metals them- 
by wert selves. A number were also presented at the fall meeting in 
metals The next Symposium on Rare Metals was assembled at 


uae Philadelj,:ia in May, 1949. The increasing importance of the 
‘are elements was shown by the large number of papers that 
Vere pre-ented. Another annual Symposium on the Rare 
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Metals was held at Cleveland in April, 1950. In all, 31 papers 
were presented. Especially worthy of note was the series of 
papers on vanadium, the first on the metal itself before the 
Society since Gin’s memoir appeared in 1909. 

The next Symposium on Rare Metals was at the 1951 
spring meeting in Washington. Three sessions were held, one 
a joint session with the Electrothermics Division. Of the 18 
papers presented, five concerned molybdenum, an indication 
of the importance being attached to this metal. In fact, the 
subject matter of the papers presented at the recent sym- 
posia shows that at the present time, research efforts are 
being directed toward the preparation of metals for use at 
high temperatures under high stresses, for atomic energy 
purposes, and for special uses, such as the germanium tran- 
sistor elements in communications equipment. 

With the introduction of the Journa of the Society, the 
publication of the monthly Bulletin of the Society was sus- 
pended permanently. From 1943-47 this bulletin served as a 
quick reference on rare metals, for a feature of each issue 
was an article of a page or so on one of the rare metals by 
Dr. Fink. Twenty-seven elements were covered in this series 
of articles. 

In the one-hundred meetings of the Society there have been 
presented approximately 330 papers relating to the rare 
metals, distributed as follows: tungsten 32, zirconium 26, 
molybdenum 25, titanium 23, chromium 20, beryllium 17, 
vanadium 14, germanium 12, tantalum 12, boron 9, indium 9, 
columbium 9, calcium 8, cobalt 8, uranium 8, cerium 7, 
platinum 7, radium 6, aluminum 5, silicon 5, rhenium 5, 
thorium 4, gallium 3, lithium 3, 2 each on barium, selenium, 
polonium, thallium, palladium, rhodium, and tellurium, and 
49 on other metals and related subjects. 

In looking back over the past fifty years and with con- 
sideration of the prediction made about a few of the elements 
which have since found important applications (although not 
always along the same lines as were predicted), one gathers 
the impression that all of the newer “rare’”’ elements will 
eventually find their own niches in our science and economy. 
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INSTRUMENTATION AND THE GROWTH OF 
ELECTROCHEMISTRY 


G. A. Perley and R. H. Cherry* 


Introduction ean one overlook the contribution of Foster (9) in 1910 why 

a ee diseloses the basic principle of operation still employed in my, 
modern radiati y rs. iscussi Ziegel’s (| 
heavily upon correlation of experimental measurements. Thus of Ziegel’s (1 

the mutual impact of instrumentation and electrochemistry — ruly = gn = of subsequi 
developments in automatic titrations. It is found in a 
is a natural consequence and is obvious from a study of the mr ion by Ziewel: “Ti host ae 

half-century of existence. Many of these publications deal applying 
with (a) the development of new instruments and primary hydrogen electrode by causing current changes in a solutig 

being ti ‘hanges in volts 
elements, (b) theoretical and experimental evaluation of the titrated she 
characteristics and applicability of primary elements, and om ‘y ay of ce of solution n 
(c) the application of existing instruments to measurements re on 
only three years after the first rec a hydroge 
and electronics engineers. In the numerous publications of the a hydrogey 
as electrode' and five years after } pe 
Society may be found papers on almost every type of useful hi trati i 4 (6) 
autographic registratio ot coc c 8 
measurement and measuring apparatus including pH, elec- ree ti or steel. 
trolytic conductivity, analysis of gases, liquids and solids, 
coulometers and coulometric analysis, polarography, oscil- Society's publications were those of Barredo and Taylor (k 
lography, microscopy, photography, spectrometry, radicac- and Robinson (84) in 1947. Another prominent example } 
tivity electron and oy diffraction differential thermal delayed follow-up is noted with reference to coulomet 

analysis, potentiometry, potentiostats, thermometry and Although half of the papers cited in the appended bibliog 
pyrometry raphy up to 1912 are on coulometers, it is only within the pas 
The nthions have prepared a bibliography which is in- ten or fifteen years that coulometric analysis and titrati 
to curve following have received serious consideration. It is noteworthy tha 

the progress of instrumentation as it relates to activities of 

“er on m oas Wi ye aim. 
The Electrochemical Society. The compiling of the bibliog- } ay iod of 
raphy required a certain arbitrary selectivity in omitting 
some papers in which instrumental details are incomplete. tivity in instrumentation publications, apparently due to : 
This is particularly true of selections made from more recent shifting to apple 
Most papers on instrumentation (16, 17, 19, 20, 21) that 
papers are included that will serve as sources for additional ; ; ; se ee 

references appeared in this period were primarily devoted to measure. 


ments of acidity and alkalinity. 


The First Thirty Years The Electronics Era 


When the Society was founded in 1902 there were no such In 1932 the impact of electronics became evident and : 
instruments as pH meters, vacuum tube voltmeters, record- new era of interest and activity in instrumentation starte 
ing potentiometers, optical or radiation pyrometers, oscillo- Instrumentation became recognized as a separate and | 
scopes, and polarographs. Indeed, the first practical form of portant technology requiring specialized attention. In |‘ 
hydrogen gas electrode for electrometric measurement of pH the first organized instrumentation symposium of The Ele 
was proposed in 1911 by Wood, Sand, and Law'. Thus the trochemical Society was held in St. Louis. It dealt with “pl 
history of electrochemical instrumentation parallels that of Determination and Process Control.” Similar symposia hav 
The Electrochemical Society. In many instances the contents since been a regular part of the Society’s activities. At tl 
of papers and accompanying discussions display a remarkable Cleveland meeting in 1950 the Electronies Division deci! 
foresight. Early contributions (prior to 1914) reflect the to hold an instrumentation symposium every two years \! 
electrochemists’ natural desire to have better coulometers der the sponsorship of the General Electronics group. Ths 
and a more precise value for the Faraday constant. Yet in official recognition of the need for such symposia and tl 
this same era Dr. Northrup published two papers indicative assumption of a degree of responsibility by the Flectrons 
of tremendous developments to come. His paper (5) in 1909 Division are forward steps which are not intended to dive" 
probably led to later ideas culminating in the development the interest of other divisions from instrumentation. 
of induction melting of alloys. Another of his papers (6) Electronic instrumentation gave impetus to the practi 
signaled the birth of a trend in instrumentation which has application of high-impedance primary elements suc! 2s 
since grown into a multimillion dollar annual industry. Nor vacuum photocell (31) and the glass electrode (37, 40). ! 


the latter case it is significant that the glass electrode ™ 


* Leeds & Northrup Company, Philadelphia, Pennsylvania. proposed by Cremer? in 1906 and further developed by Habet 


'J. T. Woop, H. J. Sanp, anv D. J. Law, J. Soc. Chem. 


Ind. (London), 30, 871 (1911). 2M. Cremer, Z. Biol., 47, 562 (1906). 
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id Klemensiewiea* in 1909 but its general practical applica- 
was delayed until the era of electronic instrumentation. 
»» invention of the cathode-ray tube provided electrochem- 
‘ with a new tool for instrumental methods (45) and, with 
advent of fluorescent lamps, radar, and television, a new 
sblem to solve in the development of suitable phosphors 
91). 

it is difficult to assess the absolute importance of modern 
\.trochemical instrumentation as it serves industry in ob- 
ining improved quality and uniformity at increased pro- 
ction levels and lower labor costs. Some idea of its impor- 
nce is indicated by the dollar sales of an item such as pH 
struments and accessories which are reported to be in ex- 
.< of two million dollars for the year 1951 alone. When one 
lizes that this represents the growth of a single item from 
~actically zero twenty-five years ago it conveys some idea 
present-day dependence upon instrumentation. 

Electronics has contributed greatly to the precise meas- 
ring and recording of electrical quantities as well as to 
dapting such measurements to automatic process control. 
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—) ertainly one can look for continued advances in simplifica- 
- 6). Bion of electronic instruments and broader application of 
tel, Ye lectronics in instrumentation. The fields of coulometric 
Byethods, dielectric loss measurements, potentiostats, and 
vlor itomatic titrations are now* in their infancy as electronic 
ample plications. Important future developments in these areas 
ilometr: be expected. 

In Retrospect 

titrati The real value of history is in providing guidance for the 
‘thy thififMfuture. A review such as this would be incomplete without an 


ulometrefi[ttempt to examine critically past performance. Thus, with- 
it citing specifie examples, it can be said that the value of 


tive ina-fi/™ome papers might have been enhanced by more complete 
due to fMescriptions of the instrumentation employed. The lack of 
| applielf™eemingly minor details not familiar to the reader is not 
tallurgy #nly exasperating but detracts from the scientific value of a 
21) thot fiMpaper. In some instances a quantity to be measured may not 
measure-fimustify the use of precise instruments or vice versa. It is felt 

hat a reader is entitled to the experts’ views on such matters. 

One of the most gratifying aspects of the preparation of 

his review has been the examination of published discussions 
it and si papers. This is aptly highlighted in a portion of Kahlen- 
startel papert presented at the twenty-fifth anniversary meet- 
and in-fi@ng in Philadelphia: “All of the phases of electrochemistry 
In |%' Mind its applications have been cultivated by the Society, and 
he Ele his has been done largely by the presentation of papers of 
‘ith “pmerit which have been frankly and thoroughly discussed. 
sia have Mn fact, it may be said that the meetings of the American 
. At the iL lectrochemical Society have been characterized by an unu- 
decide! degree of informality, cordiality, and goodwill, which 
ears Ul MMias resulted in practically perfect freedom of expression of 
xp. ThisffMepinion and interchange of ideas, with corresponding benefits 


and the gto the membership.” There is food for serious thought in Dr. 
sctronis #/Kahlenberg’s statement in view of the current tendency of 
© divert scientific societies to allot’ insufficient time per paper 

and consequently to eliminate the possibility of adequate 


practic MMiseussion. In concluding this review it would be remiss not 
h as theito acknowledge most valued contributions under “Discussion” 
40). made by many of our members, so well remembered and re- 
ode WiMspected for their efforts. 

y Haber 


anp Z. Kiemenstewicz, Z. physik. Chem., 67, 
385 (1909). 


‘Lois Trans. Am. Electrochem. Soc., 61, 
41 (1927). 
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ELECTROCHEMICAL SOCIETY SYMPOSIA ON INSTRUMENTA- 
TION MEASUREMENTS AND CONTROL 


1937 (St. Louis)—‘‘pH Determination and Process Control” 

1943 (Pittsburgh)—‘“Automatie Control of Industrial Proc- 
esses” 

1947 (Boston)—‘‘Electrochemical Methods of Laboratory 
Control” 

1950 (Cleveland)—(1). “Electronic Instrumentation”; (2). 
“Tnstrumentation in the Chlor-alkali Industry” 

1951 (Washington)—‘‘Measurements of High Temperatures” 

1952 (Philadelphia)—(A). “‘Methods of Analysis Based upon 
Faraday’s Law”’; (B). “Modern Instruments for Chemica] 
Analysis” 
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J.C. WARNER 


Chosen in the recent election, by 
nail ballot, and scheduled to take office 
it The Eleetrochemical Society meet- 
ng in Philadelphia, are J. C. Warner, 
the new President of the Society; H. H. 
Uhlig, eleeted Vice-President; and E. G. 
Widell, re-elected Treasurer. They will 
formally assume their offices at the 
mnual business meeting following the 
Society luncheon on Tuesday, May 6. 


Dr. Warner, President of Carnegie 
Institute of Technology, Pittsburgh, 
Pennsylvania, will replace Dr. Ralph M. 
Hunter of The Dow Chemical Company, 
Midland, Michigan. Dr. Hunter, in the 
status of Past President, will continue 
as a member of the Board of Directors 
of the Society. 

Dr. Uhlig, Head, Corrosion Labora- 
tory, Massachusetts Institute of Tech- 


H. H. 


nology, Cambridge, Massachusetts, will 
start his term as Vice-President and 
will serve with the two previously 
elected Vice-Presidents, R. J. McKay 
and Marvin J. Udy. 

Mr. E. G. Widell, Radio Corporation 
of America, Harrison, New Jersey, has 
served as the Society’s Treasurer for 
the past three years, and was re-elected 
to that office. 


Research 
onferences in June 


The Gordon Research Conferences, 
wnsored by the AAAS, will hold a 
orrosion Conference from June 16 to 
igust 29 at Colby Junior College, New 
ondon, New Hampshire. The facilities 
i the college have been made available 
w the Conferences. The Gerdon Re- 
«arch Conferences on Chemistry and 
Plivsies of Metals will be held on the 
ime dates at the New Hampton School, 
ew Hampton, N. H. 

The Conferences, established to stim- 
late re-careh in universities, research 


foundations, and industrial laboratories, 
consist of an informal type meeting for 
the scheduled lectures, and free dis- 
cussion groups. Meetings are held in 
the morning and in the evening, Mon- 
day through Friday, with the exception 
of Friday evening. The afternoons are 
available for recreation, reading, rest- 
ing, or participation in discussion groups 
as the individual desires. 

Applications for attending the Con- 
ferences should be sent to the Director, 
on or before May 15. Each applicant 
must state the institution or company 
with which he is connected and the type 
of work in which he is most interested. 
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Letters should be addressed to W. 
George Parks, Director, Department 
of Chemistry, University of Rhode 
Island, Kingston, Rhode Island. From 
June 15 to September 1, mail should 
be sent to Colby Junior College, New 
London, New Hampshire. 

* 

Members of The Electrochemical 
Society who will lecture at the Con- 
ferences include: Norman Hackerman, 
F. L. LaQue, H. H. Uhlig, F. W. Fink, 
I. EK. Campbell, R. H. Brown, T. P. 
May, Carl A. Zapffe, F. N. Alquist, C. 
Kk. Imhoff, Morris Cohen, and V. V. 
Kendall. 
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Kaiser Aluminum 
New Sustaining Member 


A new Sustaining Member who has 
recently been weleomed by the Society 
is the Kaiser Aluminum and Chemical 
Corporation, Division of Metallurgical 
Research, Spokane, Washington. 

The Kaiser Aluminum and Chemical 
Corporation is one of the major inte- 
grated producers of aluminum in this 
country. Nine aluminum plants located 
in Washington, California, Ohio, Mary- 
land, Louisiana, and Jamaica, B.W.L., 
produce raw materials, primary alum- 
inum, and mill products. Five other 
plants in California produce chemicals 
and basic refractories for industry. 
About 8500 persons are employed. 

The modern, well-equipped labora- 
tories of the Division of Metallurgical 
Research are located near Spokane, 
Washington. Fundamental and applied 
research is being undertaken in electro- 
chemistry, metal finishing, corrosion, 
physical and process metallurgy, physi- 
‘al chemistry, and welding and joining. 

Principal officers of the corporation 
are Henry J. Kaiser, president, D. A. 
Rhoades, vice-president and general 
manager, and T. J. Ready, Jr., vice- 
president and assistant general manager. 
Paul P. Zeigler is Director of the Divi- 
sion of Metallurgical Research, and 
Dana W. Smith and L. W. Eastwood 
are, respectively, Associate Director and 
Assistant Director of the Research 
Division. 


Atom-Powered Submarine 
Plant for Westinghouse 


Westinghouse Electric Corporation 
will build the complete power plant for 
the world’s first atomic-powered sub- 
marine—the U. S. S. Nautilus—includ- 
ing both the nuclear reactor and the 
associated propulsion equipment, it was 
recently disclosed. 

Previously, the company’s Atomic 
Power Division had announced de- 
velopment, in cooperation with Argonne 
National Laboratory, of an experimental 
land-based nuclear reactor which will 
serve as the prototype of the actual 
submarine power plant. This experi- 
mental model is now under construction 
at the Atomic Energy Commission’s 
reactor testing station near Arco, Idaho. 
The submarine reactor will be the 
product of the teamwork of many 
groups and the pooled efforts of many 
highly trained specialists, it was stated. 

The company also reported that it 
will build the most powerful machinery 
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ever designed for ship propulsion: the 
turbine and gear assembly for the 
nation’s newest aircraft carrier, 
S. Forrestal.” Other outstanding mili- 
tary developments reported include 
smaller, faster wakeless electric torpe- 
does; radar and fire-control devices for 
all-weather jet fighters; new and more 
powerful jet engines; and equipment 
for radio-controlled airborne lifeboats. 


AIME Joint Conference 
in Pacific Northwest 


The 1952 Pacifie Northwest Con- 
ference of the AIME will be a joint 
meeting of the Industrials Minerals 
Division and, for the first time, the 
Metals Branch. The Conference will 
take place on May 8, 9, and 10, at the 
Davenport Hotel, Spokane, Wash. 

An extensive program has been 
planned with technical sessions on May 
9 and 10. May & is devoted mainly to 
plant trips. A cordial invitation has 
been extended to members of The 
Electrochemical Society to attend the 
Conference. 


Hampel and Modjeska 
Announce New Firm 


Clifford A. Hampel and R. Seott 
Modjeska have formed the Hampel- 
Modjeska Laboratories, in Chicago, 
for the purpose of conducting research 
and development studies, technological 
and economic evaluations, and consult- 
ing work for industry and government 
in the fields of industrial chemicals, 
electrochemical processes and products, 
and the recovery and utilization of 
strategic metals. 

Hampel and Modjeska plan to under- 
take sponsored research programs in 
the fields of inorganic and organic heavy 
chemicals; the extraction metallurgy of 
titanium and other rare metals; the 
application of amalgam techniques to 
metallurgy and chemical production; 
electrodeposition ; metal 
finishing, ete. 

Both men are well known in The 
Electrochemical Society, having held 
various offices in recent years. Clifford 
Hampel was Chairman of the Chicago 
Section of The Electrochemical Society 
in 1949-50, General Chairman of the 
Society’s 96th National Meeting in 
Chicago in 1949, and has served on the 
Society’s publicity, membership, and 
nominating committees. Mr. Modjeska 
is currently Chairman of the Chicago 
Section of the Society, in which he has 
been active for some time. O. W.S. 
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SECTION NEWS 


Chicago Section 


“What the Pioneers \|isseq” 
the subject of an interesting disoyy 
on electrochemical problenis, deliver 
by Dr. Ralph M. Hunter, soeig 
President, to the Chicago Section , 
their March 7th meeting. 

Dr. Hunter traced the progress oj 
electrochemical pioneers, praising | 
great job of process development 
some of the most widely used mney 
and chemicals. Year by year, he » 
the production of such essential ite 
as chlorine, alkali, magnesium, , 
aluminum has increased unfaltering 
each seven years in their history | 
seen an approximate doubling of ; 
output of electrochemical industrig 

But, he also pointed out, the ex 
electrochemists passed by some 
important areas in their desire to 1 
more concrete goals. To this day, m 
of the “hows” and “whys” of elect 
chemical processes remain “Unexploy 
Territory.” 

Dr. Hunter discussed some of | 
unanswered questions which still » 
sist in the industry. Through his wi 
experience in the basic processes, 
was able to present a perspective on | 
subject that was both interesting 
informative to his audience. 


Howarp T. FRrAncts, Secretar 


@The announcement of this meet 
was headed by a cleverly drawn cart 
showing the covered wagon of pion 
days, with signposts indicating | 
speaker's course.—Ep. 


Detroit Section 


At a joint meeting on Mareh 21, | 
Detroit Sections of The Electrochem 
Society and the National Associatig 
of Corrosion Engineers met at the by 
gineering Society fer dinner and a te 
nical meeting. 

O. B. Ellis, Research Engineer, Am 
Research Laboratories, addressed tit 
group on the topie “Observations 
Atmospheric Corrosion of Metals.” 
Ellis has been active on various AST 
committees and is well qualified | 
speak on this subject. 

He discussed the effect of alloy 
elements on atmospheric corrosic! 
low alloy steels, the effect of ma’ 
and industrial atmospheres on the 
rosion of iron and zine, and, finally,' 
effect of weather on corrosion of ! 


A. M. Linn, Secretary-7 reas’ 
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Midland Section 


“\ilitary Batteries” was the subject 
highly interesting address by Gren- 


ie B. Chief, Power Sources 


sed” anch, Signal Corps Engineering Labo- 
E disco tories, Ft. Monmouth, N. J., before 
» Celives he Midland Section of the Society, on 
20. 
Section Ellis opened his talk on “Mili- 
rv Batteries” by giving the history 
Tess of development of the Leclanché pri- 
wising (MB wry cell. He discussed the early diffi- 


pment 
sed 


ities encountered in this cell and com- 
ured the present-day Leclanché cell 
th other Leclanché type primary cells, 
uch as the alkaline zine cell and the 


r, he sq 
itial iter 


magnesium primary cell, as well 
altering. with the Reuben-Mallory cell, which 
istory | not of the Leclanché type. For each 
ng of iy these cells, he emphasized the ad- 
antages in their applications, as well 
the ear 
ome 
€ to rey 
day, m: 
of elect 
Tnexploy 
ne of { 
still 
his wij 
CESSES. 
ive on 
esting 
Secretar 
GRENVILLE B. 
S meet 
their disadvantages. Further, he 
of pions bredicted future performance for each 
ating { n the basis of present-day develop- 
mental research. 
In addition to his discussion of the 
éclanché and Leclanché type primary 
ch 21.1 ells, Mr. Ellis explained and demon- 
echen trated the tremendous advancement 
Licalad hace in the field of reserve type bat- 
t the haggge’t’s: These were miniature high volt- 
ad a tele” cells which were capable of operating 
it very high drains for moderately short 
“ae eriods of time. The volume and weight 
ne tations specified for these cells made 
ations his development a truly great advance- 
tals.” M nent in the primary battery field. 
us ASTM Mr, Mllis also discussed many other 
alified aS of primary and secondary cells 
| hat have been developed within the 
allovia decade. Among these were the 
thermal! and nuclear energy primary 
of mat am, the zinc-silver peroxide caustic 
» the ell, and the niekel cadmium secondary 
nally, ell which was developed by the Ger- 
hut substantially improved by 
Signal Corps. 
-T reasi 


Throughout his talk, the speaker pro- 
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fusely illustrated his speech by demon- 
strations with the various type cells and 
punctuated his remarks with interesting 
anecdotes. 

In answer to a question, Mr. Ellis 
explained that the Signal Corps’ present 
research program in primary and 
secondary batteries is not only paying 
its own way, but is also making money 
for the government through the in- 
creased savings in military expenditures 
on batteries. 


W. R. Perry, Secretary-Treasurer 


New York Metropolitan Section 


The biggest turnout the New York 
Metropolitan Section has ever had saw 
an educational motion picture in color 
entitled “Corrosion in Action,” at the 
March 26th meeting. The picture ex- 
plained the principles of corrosion in 
simple terms, with laboratory experi- 
ments, animation, and narration. It 
was arranged in three parts: (1) Electro- 
chemical nature of corrosion, (2) gal- 
vanic corrosion, and (3) passivity. It 
was produced by the International 
Nickel Company. 

A short introduction was given by 
Mr. F. L. LaQue, one of the foremost 
authorities in the corrosion field, who 
was largely responsible for the produc- 
tion of the film. This was the first public 
showing of the picture in this area and 
it was received with unstinted praise 
and enthusiasm by the audience. 

A dinner and social hour preceded 
the showing of the film. 


F. A. Lowennerm, Secretary-Treasurer 


Niagara Falls Section 


The members of the Niagara Falls 
Section enjoyed a dinner meeting at the 
Red Coach Inn on March 12, followed 
by a technical address by guest speaker 
Robert C. Wade of National Distillers 
Products Corp., Cincinnati. 

Mr. Wade spoke on “Reactions of 
Sodium Dispersed over High Surface 
Solids.” He is at present engaged in 
sodium use research and has done con- 
siderable work with chlorine products 
and with developments in organic and 
inorganic sodium fields. 

A summary of his findings is given 
below: 

The rate and completeness of re- 
actions of sodium metal in heterogeneous 


- systems are greatly affected by the 
surface area of sodium presented for 


reaction. 
Surface area of sodium may be in- 
creased greatly by dispersing molten 
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sodium in inert hydrocarbon media. 
The size of sodium particles obtained 
by this technique reaches a practical 
limit in the range of 1 to 10 microns. 
On the other hand, films of sodium 
having at least one dimension in ‘“‘col- 
loidal range” can be produced by ab- 
sorbing sodium metal on solids of high 
surface area. Such sodium-solids dis- 


Ropert C. 


persions can be handled easily in fluid- 
ized solids systems at temperatures both 
above and below melting point of 
sodium. 

Work described in this presentation 
indicates that sodium-solids dispersions 
are useful for preparing sodium hydride 
in the same vessel in which it is to be 
used in subsequent reactions; in the 
preparation of finely divided metals by 
reduction of metal halides; in the prepa- 
ration of certain organometallic com- 
pounds; in the refining of hydrocarbons 
and ethers; and in certain catalytic 
processes. 

* * * 

Mr. Wade was accompanied to 
Niagara Falls by Dr. Virgil Hansley, 
also of National Distillers Products 
Corp. Both men are former members of 
this Section and were cordially greeted 
by their many acquaintances. 


H. R. Oswatp, Secretary-Treasurer 


Philadelphia Section 


The Philadelphia Section held its 
third meeting of the current season on 
March 12, at the John Harrison Labora- 
tory of Chemistry, University of Penn- 
sylvania, with approximately 50 mem- 
bers and guests in attendance. As is 
customary, members and guests had 
an opportunity to meet the speaker of 
the evening at an enjoyable dinner 
gathering before the meeting. 

Dr. John G. Gall, the Section Chair- 
man, called on Dr. Hiram 8. Lukens, 
Convention Chairman, who gave a pro- 
gress report on the national convention 
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scheduled to be held in Philadelphia 
on May 4 to 8. He reported that plans 
are moving ahead very satisfactorily 
pointing toward an outstanding event 
from both a scientific and a social 
aspect. 

The speaker of the evening, Dr. Park 
H. Miller, Jr., was next introduced by 
Chairman Gall. Dr. Miller is a member 
of the staff of the Physics Department 
of the University of Pennsylvania. His 
topic was “Semiconductors and Semi- 
conducting Devices.” 

Dr. Miller opened with a review of 
the elementary concepts of the relation- 
ships between energy and interatomic 
distances, the Pauli exclusion principle, 
and the problem of the arrangement of 
electrons in atoms. He next discussed 
the large quantities of energy required 
to take an electron from the ground 
state (filled band) to an excited state 
(conduction band); one way of obtain- 
ing these energies is to shine light on the 
material. The effect of heat causing 
stronger absorption at the longer wave- 
lengths was mentioned. 

After defining a metal and an insula- 
tor Dr. Miller showed that semiconduce- 
tors lie intermediate between these two 
extremes. He pointed out that basically 
semiconductors are of two classifications, 
intrinsic and impurity or extrinsic types. 
The former have excited and ground 
states close enough for thermal energy 
to impart the semiconduction proper- 
ties. The latter must have small amounts 
of impurity present in order to act as 
semiconductors; there are donator and 
acceptor types depending on the loca- 
tion of the Fermi level with respect to 
the filled and conduction bands. 

Many characteristics of these semi- 
conductors were illustrated both with 
slides and with an ingenious model 
demonstrator constructed by Dr. Miller. 
Among the properties thus described 
were: electrical conduction, optical 
transmission, photoelectric response, lu- 
minescent emission, and the Hall effect. 

Dr. Miller concluded his talk by 
mentioning the commercial aspects of 
semiconductors, along with their most 
obvious advantages and disadvantages. 
Applications such as their use as bolom- 
eters and photoconductors and in rec- 
tifiers and transistors were stressed. 
An interesting question and answer 
session of some duration followed the 
conclusion of the formal address. 

(The abstract of Dr. Miller’s talk 
appearing above was prepared by Mr. 
F. Curtis Snowden.) 


L. Eckreupr, Secretary 


India Section 


The India Section has announced that 
the first number (Volume 1, Number 1, 
January, 1952) of the Bulletin of the 
India Section of The Electrochemical 
Society has been issued. 

a 

The Mettur Chemical & Industrial 
Corporation, Ltd., Mettur Dam, has 
been welcomed as a patron of the India 
Section. 


T. L. Rama Cuar, Secretary-Treasurer 


PERSONALS 


Irvine G. YounG has joined the Re- 
search Division of the International 
Resistance Company, Philadelphia, Pa. 
Mr. Young had been with the U. 8. 
Electric Manufacturing Corp., New 
York, N. Y. 


B. Srurm, formerly associated with 
the Burgess Battery Co., Freeport, IIl., 
is now a research chemist in the Ma- 
terials Chemical Division of Oak Ridge 
National Laboratories, Oak Ridge, 
Tenn. 


Arruur J. Kerseck, Jr., who re- 
cently received a Ph.D. degree in 
chemical engineering from Columbia 
University, has accepted a position as 
research chemical engineer at KE. I. du 
Pont de Nemours & Co., Wilmington, 
Del. 


Feux Y. K. Cutanea has accepted a 
position as electronic scientist, Wright 
Air Development Center, Wright-Pat- 
terson Air Force Base, Dayton, Ohio. 


H. L. Turner is now attached to the 
Senior Research Staff at the Central 
Laboratory of the Ever Ready Com- 
pany (G.B.) Limited in London. He 
was transferred from his position in 
charge of Process Control at the com- 
pany’s Battery and Flashlamp Fac- 
tories in Wolverhampton. 


James Fentress, formerly research 
assistant at Northwestern University, 
has joined Foote Mineral Company, 
Philadelphia, as sales engineer. 


M. 8S. Tuacker has been elected 
Chairman of the Mysore Centre of the 
Institution of Engineers (India). 


Frep G. Brune has accepted a posi- 
tion as metal finishing engineer, Chrysler 


May 1s ol. 

Jet Engine Plant, Dodge Divisio W: 
Chrysler Corp., Detroit. He hag fon Th 
erly been superintendent of Dut 
paint, and plating at the Marion I Fil 
dustries Division of Motor Proc ter 
Corp., Marion, Ohio. tre 
st 

B. Roserts has |eft x, 
vania Electric Products Flush CI 
N. Y., to join P. R. Mallory & ¢, Ric! 
Inc., Rectifier Division, 
Ind. In 

Joun J. CHapman, Institute of ¢ 
operative Research, The Johns Hopki - 
University, Baltimore, Md., has hy O 
appointed Divisional Editor on si! 
JourNnaL for_ the Electric Insult ™ 
Division, succeeding former Editor 
R. Ralston. \ 
7 

NEW MEMBERS 
I 

In March 1952, the following w ( 
elected to membership in The Elect | 


chemical Society: 


Active Members 


Epwarp G. F. Arnortr, Westinghoy 
Lamp Division, mailing add: 4 
Oakwood Ave., Upper Monteli 
N. J. (Eleetronies and Theoret 
Electrochemistry) 

Epwarp G. Oak 
National Laboratory, P.O. Box | 
Oak Ridge, Tenn. (Corrosion) 

Arruur A. Burr, Rennsselaer 
technic Institute, Troy, N. Y. (ke 
trodeposition) 

T. G. Cariaw, Allen B. Du Mont Lali 
ratories, mailing add: 54 Euclid Aw 
Hackensack, N. J. (Electronics) 

[. FriepMAN, General Elect 
Co., mailing add: 2980 E. 132nd * 
Cleveland 20, Ohio (Electronic 
Formerly Associate Member 

W. Frtenp, Magnetic Metis 
Co., Hayes Ave. at 21st St., Cami: 
1, N. J. (Electric Insulation, Elect 
deposition, Electronics, Electro) 
ganic, Electrothermic, Indust: 
Klectrolytic, and Theoretical Elect: 
chemistry) 

Anprew P. Honcuar, National Le 
Co., mailing add: 371 Shorel 
Circle, Laurence Harbor, N. J. (Ee 
trodeposition, Industrial Electrolyt 
and Theoretical Electrochemist! 

Tuomas E. Keane, Gould-Natio! 
Batteries, Ine. 467 Calhoun ™ 
Trenton 7, N. J. (Battery) 

Marsorie Matmpera, Natiot 
Bureau of Standards, 403 East Blis 
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Division Washington, D. C. (Battery and 


had fon Theoretical Electrochemistry) 

of buf ©. Martow, Owens-Corning 
Marion jp Fiberglas Corp., Newark, Ohio (Bat- 
tery, Electric Insulation, and Elec- 


tronics) 

ou B. McAnprews, Armour Re- 
left earch Foundation, 35 W. 33rd St., 
Flush Chicago 15, Ill. (Corrosion) 
ry & V. Montrers, General Motors 
Corp., mailing add: 2310 W. 65th, 
Indianapolis, Ind. (Electrodeposition) 
J. Newport, Electrochemical 
ute of ( Engineering Department, Dow Chem- 
cal Co., Freeport, Texas. (Electro- 


18 Hoph 
has | Organic, Industrial Electrolytic, and 

r on 4 Theoretical Electrochemistry) 


Insulate P. Parrerson, Columbia 
steel Co., mailing add: 3101 Withers 


\ve., Lafayette, Calif. (Electronics) 
SHrvaRAMAN, Tata Chemical 
Ltd., Mithapur (Samastra), India 

. . . 
Corrosion, Electrodeposition, and 

Industrial Electrolytic) 


ives Woopspurn, Jr., Great Lakes 
Wing wi Carbon Corp., Niagara Falls, N. Y. 
Elect Industrial Electrolytic) 


Reinstatements 


CHAUDRON, Laboratorie de 
stinghow Chimie Appliquée, 11 Rue Pierre 


add: 4 Curie, Paris 5, France 
Montel ouN G. DEAN, Dean Research Services, 
heoret \ Beaumont Cirele, Tuckahoe, N. Y. 
Electrodeposition) 
T. Gore, Metal and Thermit 


Box | Corp, Box 471, Rahway, N. J. 


Eleetrodeposition) 

ner 

Y. (Ele Associate Members 

an HARLES K. Box, Dow Chemical Co.., 
lid “4 mailing add: 468 Swede Rd., Midland, 
sies) Mich. (Industrial Electrolytic) 

HoRGE A. Green, Great Lakes Carbon 
39nd st Corp., Niagara Falls, N. Y. (Indus- 
trial Eleetrolytie) 

AnTHUR J. Kerpecex, Jr., E. I. du 


se Metsk Pont de Memours & Co., mailing 
add: 213 Thomas Drive, Apt. B., 


, Came s D 

Elect Monroe Park, Wilmington 6, Del. 
Electrodeposition). Formerly Stu- 
win dent Associate Member 


Elect HARLES W. McCurcuen, Electro- 
chemical Engineeri:g Department, 
Dow Chemical Co., Freeport, Texas 


nal Les 
Shorelat Electrodeposition, Industrial Elee- 

trolytic, and Theoretical Electro- 

chemistry) 
“trolyt 

»mistt 
a Student Associate Member THE 

oun ©. Lamp III, Massachusetts EAGLE-PICHER 


Institute of Technology, mailing add: 
‘ao 


Nation 284 \\ estgate W., Cambridge, Mass. 
ust Blas (Corrosion) GENERAL OFFICES: CINCINNATI (1), OHIO 
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BOOK REVIEWS 


ELEMENTS OF PHysICAL METALLURGY 
by Albert G. Guy. Published by 
Addison-Wesley Press Inc., Cam- 
bridge, Mass., 1951. 293 pages, $6.50. 
This book is proposed by the author 

as an introduction to physical metal- 

lurgy, not only for those whose main 
interest is metallurgy, but for general 

engineering students. As such it covers a 

very broad field. It is obvious that it 

cannot go into any great detail on any 
particular phase of the subject, but this 
is no reflection on the author because 
such detail belongs in the more ad- 
vanced and specialized courses. The 
choice of material to be included shows 

a great deal of care, judgment, and the 

effects of experience in teaching. 

Practically all of the fundamentals of 
physical metallurgy are touched upon 
in one way or another. The writing is 
lucid and very readable. An excellent 
appendix dealing with the literature of 
metallurgy will be exceedingly helpful. 

The book is divided into 14 chapters 
and the page size is sufficiently large to 
make 2-column pages. It may be a 
small matter but it is, after all, ex- 
ceedingly convenient to have a book 
that will open out flat. The general 
format is pleasing. 

Some small criticism may be made. 
The first is that the tables and the size 
of type therein are too small. Second, 
the “photographic” reproductions often 
lack contrast and in many cases are 
too small; also the same lack of clarity 
and size are a distinct drawback in 
the case of many of the photomicro- 
graphs. It might be worth while in 
the long run to include answers to the 
numerical problems. 

To cover the material within the 
pages of this book thoroughly in a 
standard one-year college course will 
be no task for a sluggard. However, it 
is believed that any student who makes 
a serious effort to encompass the 
material will be amply rewarded. 
EarLe SCHUMACHER 


Utrrasonics by P. Vigoureux. Pub- 
lished by John Wiley & Sons, Inc., 
New York, 1951. vi plus 163 pages, 
$4.00. 

This book on ultrasonics is an intro- 
duction to the apparatus, techniques, 
some of the experimental results for 
gases and liquids, and a rather complete 
description of the theories of relaxation 
effects in gases and liquids. The prin- 
cipal topics covered are piezoelectric 
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transducers—principally quartz—some 
original work on the equivalent circuit 
of magnetostrictive transducers; the 
classical propagation equations and the 
losses associated with viscosity and heat 
conduction; the relaxations associated 
with intermolecular processes such as 
the transfer of energy from longitudinal 
to rotational and internal vibrations; 
the methods for measuring the velocity 
and attenuation in gases and liquids; 
and measurements for gases and liquids 
and their interpretation. The last chap- 
ter, discussing the measurements and 
the most recent interpretations for the 
relaxation effects in liquids, is the most 
valuable chapter. The book does not 
discuss measurements in solids or the 
effects of large amplitude vibrations. 

As an introduction to the techniques 
and results for gases and liquids, the 
book is a very readable and complete 
account. W. P. Mason 


LITERATURE 
FROM INDUSTRY 


CLEANING. A newly revised 
brochure entitled “Cleaners for Effec- 
tive Metal Cleaning”’ is available for 
those concerned with cleaning metal 
prior to electroplating, anodizing, paint- 
ing or otherwise applying decorative or 
protective coatings. Included are six 
different methods of metal cleaning; 
a table listing the cleaners to use for 
various metals; electrocleaners, etc. 
Hanson-Van Winkle-Munning Co. 

P-29 


‘Unrtizep’ Low-Vo.tTace Switcs- 
GEAR. Illustrated 30-page booklet, 
“ *Unitized’ Low-Voltage Metal-En- 
closed Switchgear” explains just what 
the equipment is and outlines its ap- 
plications; describes the types DB and 
DA drawout De-Ion air circuit breakers 
that are the heart of “unitized” switch- 
gear. Current ratings, etc., given. West- 
inghouse Electric Corp. P-30 
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Hanp Pyrometer. Bul tin Gy 
836 describes a new han! pyromet 
with two scale ranges fo) rapid yy 
convenient measurement Surfac 
liquid, gas, and molten-met;| temper, 
tures. Seale ranges are (500 F 
0-1500 F. General Electric Compan 

Technical bulletin 
scribes nonionic surface active agents 
of the polyoxyalkylene fatty ester tyy, 
emulsifiers and _ interfacial tension 
pressants, spreading agents, cletergens 
thickeners, ete. Alrose Chemical ¢, 
P32 


NONISOLS. 


GALVANOMETERS Dyyayoy 
ETERS. Complete line of  standay) 
galvanometers, dynamometers, d- 
dicating amplifiers, and accessories | 
use in null-balance or calibrated deflp 
tion measurements is presented in » 
vised, 20-page Catalog Section [| 
Leeds & Northrup Co. Ps 


Avuminum Coatina. Folder on “A 
dine,” describes this protective coatix 
for aluminum, and its applications. T\is 
chemical has recently been made a stox 
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Mills, Ine. P-33 


To receive further information 
on any product or process listed 
here send inquiry, with key num- 
ber, to JOURNAL of The Electro- 
chemical Society, 235 West 102nd | 
Street, New York 25, N. Y. 


Please print your name and ad- | 
dress plainly. 


The 


SA 


70 Memorial Drive 


TITANIUM RESEARCH 


Physical or inorganic chemist for research and development on 
electrolytic processes for producing titanium. Experience or grad- 


uate training in electrochemistry is desirable. 


National Research Corporation 


Cambridge 42, Mass. | 


Ol. 
€ 
ank 
otal 
orn 
: Us 
Ba 
Cr 
D 
T 
| 
= 
| 
| 
3 x 


May 99 5 CURRENTJAFFAIRS 


TREASURER’S REPORT* FOR 1951 


PYTomet, 


rapid au 3 

Bry, Auditor's Report appeared in the April 1952 JouRNAL. Credit: 

Interest USA Bonds........... 135.92 

Sy Canadian Convention Fund Dividends H. B. & Trust Co., 

Compa Merk Balance, $1,104.20 Fund A, 5/5/51 to 10/1/51.. 160.17 

Dy Tue CANADIAN BANK oF COMMERCE 442.62 

- 25 King Street West, Toronto, Debit: 

> Ontario, Canada Hanover Bank Commission at 


Ve agent 5% on Income.............. 17.46 
ster ty Corrosion Handbook Fund Deposit to Checking Account, 
‘Nsion otal Corrosion Handbook Fund, $12 ,612.36 331.80 
letergents orn Exchange Bank 
mieal (\ USA Bonds Series F (earmarked in safe deposit 349.26 


‘ow York Savings Bank ion 


YNAMOY j 
S, d- Credit: Seamen’s Bank for Savings 
ss0ries | Interest for 1951.............. Income Balance, 1/1/51.......... 
ed defle Royalties for 1951............. 6 Credit: Interest for 1951......... 


Income Balance, 1/1/52................... 1,042.35 


tion 
Debit: Prizes, etc................ 


eects Total Weston Fund Available for Fellowship, 

Te Coating = 

ions, Tha Total Corrosion Handbook Fund, 1/1/52. ... $12,399.83 Edward Goodrich Acheson Fund—for 1951 

de a stoct Capital Funds Securities—1 /1 /52* 

i Columbus Convention Fund $ 5,000. USA Savings Bonds Series F, no interest; due 
PMMA Gov. Bonds Series F (earmarked in safe 10/1/53. Registered. ' 

$ 400.00 10,000. USA 24% Savings Bonds Series G due 11/1/54. 

Devel Corn ExcHanGce Bank ; 2,000. Pennsylvania Railroad Co. 34% General Mortgage 

Steel a 102nd Street at Broadway, New York, N. Y. Bond, Series F. Due 1/1/85. 

sr” offer 2,000. American Telephone & Telegraph Co. 23% De- 

benture due 10/1/75. 


oa Edward Weston Fellowship Fund—for 1951 13 shs. American Can Co. 7% Cum. Pfd. 

: 14 shs. Corn Products Refining Co. 7% Cum. Pfd. 
»blems otal Weston Funds available for Fellowship 10 shs. Eastman Kodak Co. 6% Cum. Pfd. 
10 shs. Ingersoll Rand Co. 6% Cum. Pfd. 

PS Papital Funds Securities, 1 /1/52* 25 shs. International Harvester Co. 7% Cum. Pfd. 
11,881.88 In Central Hanover Bank & Trust Co. Trust 20 shs. National Lead Co. Class A 7% Cum. Pfd. 

Fund A—1160 units 1 Sealed envelope containing Lawyers Westchester 
nation 1,836.66 AC 1330 Brook Ave., Bronx, N. Y. NYT & M Mtge. & Title Co. Guaranteed First Mortgage 
listed Co. Participating Certificate, Series 2-7165 Bond & 
- num- 1 Prudence 422-34 E. 86th St., New York, N. Y., Mortgage. Only remaining asset is General Claim. 
jectro- | allowed claims Sealed envelope containing Lawyers Westchester 
102nd | f:- Hanover Bank, Trustees, 70 Broadway, New York Mtge. & Title Co. Series 3-6902 due 3/1/38. 

N.Y. 54% 

|e 'e Hanover Bank, Trustees Sealed envelope containing Lawyers Westchester 
dad. | Principal Account Balance, 1/1/51 $ 182.94 Mtge. & Title Co. Guaranteed First Mort- 

ae (redit: Sold gage Certificate in Bond & Mortgage of Chats- 
- 2800 USA Treasury Bonds worth Gardens Corp. Series’ 6-6972 Certificate 

24,% 4/19/51............... 2,756.25 #296. Only remaining asset is General Claim 


9000 USA Savings Bonds Series against the former guarantor. 


*Guaranty Trust Company of New York, Custodian. 
amemntneneinee Fifth Ave. at 44th St., New York 18, New York 


11,939.19 Acheson Fund Total Balance, 1/1/51.......... 
. Debit: Bought 1160 units CHBT 
Co. Trust Fund A 5/2/51...... 11,881.88 Guaranty Trust Co., Custodian 
1- Income Balance, 1/1/51 (includes Prin. Fds. 
Credit: Dividends plus interest.............. 
Checking Account Balance, 1/1/51 1,128.56 
Credit: Deposit from Income Ac- 


ie Checking Account Balance, 1/1/52.......... $ 1 460.36 Income Balance, 1/1/52 (includes Prin. Fds. of 
Income Account Balance, 1/1/51.. 146.53 


1210 
3,962.26 
2 033.80 - 
| 
1 $ 3,158.66 
2,453.49 
991.50 
3,444.99 
72.00 
3,372.99 


TREASURER’S REPORT FOR 1951 (continued) 
Joseph W. Richards Memorial Fund 


East River Savings Bank 


Principal Funds Balance, 1/1/51... .. . 


Interest for 1951... 


Acheson Fund Total Balance, 1/1/52 


Roeber Research Fund 
$ 5,106.76 


Bank Balance, 1/1/51 oe 


Credit: Interest for 1951. 


Bank Balance 1/1/52... 


JOURNAL OF THE ELECTROCHEMICAL SOCIETY Moy yl 


Principal Funds 


102.63 


$ 5,209.39 


East River Savines BANK 


Amsterdam Ave. at 96th Street, New York N. Y. 


Debit: J. OM. Bockris 4/9/51 


CENTRAL SAVINGS BANK 
Broadway at 73rd Street, New York, N. Y, 


* * * 


RECENT PATENTS 


Selected for electrochemists by Fred 
W. Dodson, Chairman of the Patent 
Committee, from the Official Gazette. 


January 1, 1952 


Conti, G., 2,580,518, Séderberg Elec- 
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Drummond, A. P., 2,580,664, Dry Cell 
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Electrolyte in the Electrodeposition 
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perature Quick Action Thermocouple 
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Glegg, G. L., 2,581,950, Method and 
Apparatus for Determining Water 
Content of Concrete in Fluid State 
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Electrical Conducting Device 

Townsend, M. A., 2,583,029, Method 
of Preparing Glow Discharge De- 
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Richardson, R. P., 2,583,063, Voltaic 
Battery 

Heise, G. W., Schumacher, E. A., and 
Wilson, H. R., 2,583,098, Treatment 
of Waste Pickle Liquor 

Oliver, J. P., 2,583,099, Pre-electrolysis 
Treatment of Pickle Liquor 

Wilson, H. R., 2,583,100, Treatment 
of a Metallic Cathode to Receive 

Electrodeposited Metal «+ 


Oliver, J. P., 2,583,101, Electro} 
Cell 

Patnode, H. W., 2,583,276, Metho, 
Determining Formation Factor of | 
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Wyllie, M. R. J., and Hogg, 
2,583,284, Method for Deternj 
a Parameter of Earth Format 
Penetrated by a Borehole 

Cooper, H. 8., 2,583,473, Alumin, 
Magnesium Alloys 

Yoder, J., 2,583,525, Method for 
ing and Terminating Tubular 
vices. 


January 29, 1952 
Lukens, H. 8., 2,583,581, Metal Coat 
®’Connor, F., 2,583,589, Electric | 
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Editorial 


The Present Status of Electro-Organic Chemistry 


I. looking back over the past fifty years it is apparent that 
activity in the field of electro-organic chemistry reached a peak in the early part of 
the twentieth century and then suffered a decline. From that period on there has been 
a small but steady output of, papers for the most part by a few investigators, until 
recently when interest has been renewed. At the beginning of the period most of the 
research was carried out in Germany, but is now in progress all over the world. Pub- 
lication in our own Society was sporadic until about 1920, but has been steady ever 
since. About twelve years ago sufficient interest was shown to warrant the establish- 
ment of an Electro-Organic Division, which, while still small, is very active. For several 
years authors were invited by the Division to contribute to its symposia papers de- 
voted almost exclusively to studies of reactions carried out on a preparative scale. 
Recently, however, it was decided to broaden the scope of the symposia to include 
studies on a micro scale, in particular, on organic polarography. The response has 
been most gratifying. The two parts of the field are in many instances mutually com- 
plementary with the result that more rapid progress should be made in elucidating 
the mechanisms of electro-organic reactions. 

Although research has been carried out in the field of electro-organic chemistry 
for over one hundred and fifty years, its volume has been very small. The number 
of papers published is only a small fraction of those on electrodeposition, for example. 
The consequence has been that electro-organic chemistry today is in very much the 
same purely experimental state as organic chemistry in the middle of the nineteenth 
century when it was possible to prepare new compounds by the simplest operations, 
such as the nitration of toluene. Even such elementary factors as the influence of the 
cathode material and accompanying conditions on the course of the reduction of many 
types of organic compounds have never been studied. Many other illustrations of 
lack ofedevelopment could be given. A natural result of the present state of knowledge 
in the field is the small number of industrial applications. It is to be hoped that by the 
end of the next half century the fundamentals of electro-organic chemistry will have 
been explored to the extent that a general theory may be proposed. 

—SHERLOCK SWANN, JR. 
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Introduction 


wing the first half of its existence The Electrochemical 


io ity played but little part in the development of electro- 
N.Y nie chemistry. Throughout its first decade only a single 
: tro-organie paper appeared in the Society’s Transac- 
lo. xs (1). During its second decade an awakening concern 
—_ his phase of electrochemistry is indicated by a small in- 
se in the published papers, as well as by a symposium on 

Ohi electrochemical production of organic compounds held, 

10 


915, by the New York Section of the Society, jointly with 
J local sections of the American Chemical Society and the 
ety of Chemical Industry (2). But it was not until the 
’s, however, that a marked interest in electro-organic 
mistry was manifest. The steady growth of this interest 
ich then followed, coupled with an increase in the number 


Mex. MiMpapers in this field which were presented at meetings of 
Dye Society, led to the formation of, first, a Technical Com- 
~ tee and then a Division of Electro-Organic Chemistry. 

‘ince its inauguration, in 1940, the Division of Electro- 
anic Chemistry has had the following chairmen: 
s, Pa 1940-41 Alexander Lowy 
Calif. 1941-42 A. F. G. Cadenhead 
1943-44 Jermain Creighton 
1944-46 Sherlock Swann, Jr. 
ation, 1946-48 N. M. Winslow 
1948-50 C. A. Crowley 
1950- Hans R. Neumark 
rajcal During the past fifty years, more especially for the period 
[he Electrochemical Society’s active interest in electro- 
nic chemistry, this phase of electrochemistry has pro- 
sso steadily. This has been due largely to extensive and 
Y ork, femmatic investigations of the influence of a number of 


larization variables on the nature and efficiency of 
tro-organie reactions. Some of the results of these and 
er studies, to which members of the Society have made 


‘ ‘litable contributions, are presented in the short review 
veles, ich follows, 


Electrode Potential 
urgh, ectrode Fote 


The first systemmatiec study of electro-organic synthesis is 
be found in the classic investigation by Haber of the 


aynd rtrolytic reduction of nitrobenzene (3). In this he showed 
v. Y. it the nature of the reduction of this depolarizer depends 
land, y largely on the magnitude of the cathode potential; and 

t by regulating the electrode potential various “grades of 
otte, lucing {or oxidizing] energy” may be secured. The electrode 


lential is of prime importance in bringing about desired 
‘tro-organie reactions. Since, moreover, the influences of 
st other variables are contained in the electrode potential 

i the use of a specially designed circuit has been suggested 
the automatie control of this variable (5). 


Swart|more College, Swarthmore, Pennsylvania. 


ELECTRO-ORGANIC CHEMISTRY 
H. Jermain Creighton* 


The nature of the electrode material is of marked sig- 
nificance in determining the course of the depolarization 
process. By employing as electrodes those materials with 
high overpotentials, powerful reducing or oxidizing energies 
may be secured. This is especially important when the de- 
polarizer is a substance which is reducible or oxidizable only 
with difficulty. Many substances can be reduced, for example, 
only at cathodes of metals of high hydrogen overpotential: 
pyridine and compounds containing the keto group require 
a cathode of mercury or lead (6); the reduction of hexoses 
to their corresponding hexatols necessitates the use of mer- 
cury, amalgamated lead or a few other metals of high hydro- 
gen overpotential (7); the use of metals of the highest over- 
potential is essential for securing the greatest yields of 
n-pentane from methyl n-propyl ketone (8). It is of interest 
that in a solvent of sulfuric-glacial acetic acid reduction of 
benzophenone takes place with high yields at cathodes of 
copper or nickel, whereas in an aqueous medium marked re- 
duction occurs only at cathodes of high hydrogen overpoten- 
tial (9). For the reduction of methyl propyl! ketone, tin is an 
efficient cathode material in sulfuric-glacial acetic acid but, 
in spite of its high hydrogen overpotential, this metal is 
inactive in aqueous solution (10). 


The efficiency of the reduction of sorbic acid at different 
cathode materials is approximately as follows: 


Cu, Hg > Cd > Sn > Zn > Tl > Pb, Ag, Fe, Al, Mg, 
Pt, Ni (smooth), no appreciable reduction taking place at 
cathodes of the last seven metals (11). Notwithstanding the 
resemblance between this series and that for hydrogen over- 
potential, there is a striking deviation in the relative positions 
of copper and lead. This singular behavior of copper is also 
met with in the reduction of nitrocompounds, where it is a 
most effective cathode material. Since at this cathode the 
current efficiency of the reduction of nitrobenzene increases 
with rise in temperature whereas the overpotential of the 
electrode decreases, it would seem that in this reduction 
overpotential must play a secondary role (12). 


For difficult reductions it is essential to ensure the purity 
of the cathode materials used, since their efficiency is im- 
paired greatly, if not entirely, by the presence of low over- 
potential impurities (13). Mere traces of impurities of this 
nature even when present in the electrolyte can, due to their 
electrodeposition, cover the cathode surface with a monolayer 
of low overpotential material. The reduction of caffeine, for 
example, is almost completely inhibited when traces of salts 
of copper, silver, or platinum are contained in the electrolyte 
(4). In the reduction of acetone at a lead-coated copper 
cathode, the presence of 8.4 mg/L of iron in the aqueous- 
sulfuric acid catholyte decreases the current efficiency of 
pinacol formation from 45.3 per cent to 33.8 per cent over 4 
six-hour interval (14). 
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Physical Condition of the Electrode 


During the past fifteen years a number of investigations 
have been carried out for the purpose of establishing whether 
the physical condition of the cathode material (produced by 
electrodeposition, casting, rolling, extrusion, machining, etch- 
ing, annealing, carburizing, quenching, and other treatments) 
may exert an influence on the efficiency of depolarization 
(15). While as yet no general conclusions have been reached, 
it has been found that in some electro-organic reductions 
physical characteristics of the cathode material, such as 
crystal structure, crystal orientation, and internal strain, do 
affect electrode activity. 


In the study of the reduction of methy] n-propyl ketone to 
pentane at cathodes of certain binary alloys, the crystal 
structure of which varies widely with composition, it has 
been found that: variations in the composition of the cathode 
from 100 per cent mercury to 100 per cent cadmium are ac- 
companied by yields of pentane which, when plotted against 
the composition of the alloy, show inflections that correspond 
with the phase changes in the alloy (16); the relative con- 
staney of pentane yields at a bismuth-cadmium cathode 
over the composition range, 10-90 per cent cadmium, is 
traceable to the two-phase structure of the alloy (17). In 
the electrolytic reduction of hexoses, for the maximum yield 
of hexahydrie alcohols, a cathode having a macro etch is 
preferable to one having a surface of a colloidal deposit; an 
electrodeposited zine cathode (110 face parallel to the sur- 
face) is 30 per cent less active than one of cast metal (001 
face parallel to the surface); and the activity of a lead cathode 
increases with increase in grain size, but the reverse holds for 
the reduction of fructose at a cadmium cathode (18). Micro- 
photographs of cadmium-bismuth cathodes indicate that the 
grain size of the very dilute cadmium-bismuth solid solution 
is not a factor in determining their efficiency in the reduction 
of methyl n-propyl ketone (17). In the reduction of nitro- 
benzene at cathodes of different metals, the current yield of 
aniline has been found first to increase slowly and then to 
diminish as the internal strain of the electrode increased (19). 

At cathodes formed by thie electrodeposition of a film of 
lead (0.12 g/dm?*) on copper, acetone is reduced in an aqueous- 
sulfuric acid electrolyte with high pinacol and low isopropy] 
alcohol efficiency. As electrolysis proceeds, the initial shiny 
surface of the cathode becomes black, spongy, and powdery, 
and the current efficiencies slowly change, reaching at the 
end of five hours a maximum of 65-68 per cent for pinacol 
formation and a minimum of 8-10 per cent for isopropyl 
alcohol formation. More extended electrolysis results in a 
reversal of these trends (14). 


The electrolytic reduction of sorbic acid may yield both 
dihydro acids and a bimolecular product (probably formed 
by the dimerization of radicals): 


bimolecular product, 
(CsHs-CO.H)» 


Sorbie acid, C;H;-CO.H 


dihydro acids, CsHs-CO.H. 


In this reduction, in alkaline solution, appreciable amounts 
of bimolecular product are obtained only at a mercury cathode 
(20). That this unique behavior of mercury is in some manner 
associated with its liquid state is supported by the fact that, 
while bimolecular product is formed at a solid gallium cathode, 


June 19 


a very marked increase in its yield takes plac. as the 
perature of this cathode passes through its melt ng poin, 


Velocity of Depolarization 


The velocity of depolarization is an important {yet 
electrochemical reactions. In the case of reduction proog, 
it is evident that if the discharge of hydrogen ions , 4 
cathode takes place more rapidly than the reaction bety, 
the active hydrogen thus formed and the depolarizer , 
concentration of the former must gradually rise and yiq 
the cathode potential. When this becomes sufficiently \j 
gaseous hydrogen will be liberated, thus diminishing § 
current efficiency of reduction, since molecular hydrogey 
little or no reducing power under conditions which yy 
prevail. If, however, the catholyte contains a depolaiimm V 
which reacts sufficiently rapidly with the active hyde 
the cathode potential will not reach the value required j 
the evolution of gaseous hydrogen. The advantages of hig 
operating temperatures, which increase the rate of redyet 
of the depolarizer, and of cathode materials with high hy 
gen overpotentials, which raise the potential at which gase 
hydrogen is evolved, are obvious. 

Since increasing the current density not only raises { 
cathode potential (perhaps to the value for hydrogen ¢ 
tion), but also decreases the concentration of the depolari 
in the vicinity of the cathode, electrolytic reduction jj 
general, more rapid and complete and depolarization ; 
ficiency higher, the lower the current density (21). Evide 
a high depolarizer concentration and effective stirring 
also advantageous. 

Sometimes the desirable value to be selected for a , 
depolarization variable is dependent on the values fixe 
other variables. For instance, in the electrolytic reductic 
glucose in alkaline solution, although the rate of mann 
and sorbitol formation is not raised by increasing either | 
temperature or the current density singly, it may be marke 
improved by increasing these variables simultaneously. I! 
ever, it does not suffice to select any two values of temper 
ture and current density at random. The particular val 
to be employed depend, in a given case, upon both the ini 
concentration of the glucose in the catholyte and the mi 
of the cathode area to the catholyte volume (22). 


Catalytic Influences 


In addition to its overpotential, the catalytic power 0! 
electrode material may play a decisive role in depolarizat 
In fact, the end result frequently depends largely on 
factor. At a cathode of nickel (low hydrogen overpotenti 
or mereury (high hydrogen overpotential) oleic acid © 
duced but imperfectly, whereas at a cathode of palladiun 
platinized platinum (very low hydrogen overpotential 
duction takes place smoothly with a good yield of stew 
acid (23). In the electrolytic reduction of nitrobenzene 
alcoholic solution azoxybenzene, together with azobenz 
is formed at cathodes of platinum, nickel, or mercury; 
the same conditions, hydrazobenzene is formed at zine, 
or mercury; at a copper cathode the principal reduc 
product is aniline (24). At anodes of nickel or copper 0" 
tion of alcohol, a-glycol and a-hydroxyacids first takes p' 
without splitting of the carbon chain, while at bright platin! 
the molecule is severed (25). By the addition of 12 per 
of iron to a nickel cathode, the efficiency of the reductic! 
nitrobenzene in alcoholic solution is raised from 5s per“ 
to 72 per cent (26). 

Electro-organic reactions may sometimes be accelet 
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as thes the use of hydrogen or oxygen “carriers”—salts contain- 


1 point an ion of variable oxidation number which react readily 
+h the o ganic substance and then are regenerated at one 

the electrodes. By this means the efficiency of the oxida- 

Lit factor fin of terpene hydrocarbons at a lead dioxide anode is in- 
 Procesglimeased by the addition of a small quantity of a ceric salt to 


» electrolyte, due presumably to the reduction of the ceric 


10Ons at 

‘ion * 1 by the hydrocarbon and its subsequent preferential 
Olarizer qpidation at the anode, this cycle then being continued (27). 
and withMiimong the carriers most frequently employed in electro- 
“iently hjlimganic reactions are salts of chromium, titanium, tin, cerium, 
inishing snadium, and iron (28). 
Vdrogey 

hich wns Extension of Scope of Reactions 

depolari_m Various expedients have been devised to overcome the 
© hydigdfmmitation to the seope and general usefulness of electro- 
require mrganic reactions, imposed by the low solubility of many 
res of highmrganie substances in aqueous electrolytes. Frequently the 
of a \ubility of the depolarizer is increased by the addition to 
high hyigmhe aqueous electrolyte of a water-miscible liquid, such as 


cohol, acetone, or glacial acetic acid, in which the de- 
wlarizer is soluble. This procedure has, however, the dis- 


hich 


y raises (dvantages of increasing electrolytic resistance and of intro- 
rogen e\ wing a substance which may act as a depolarizer and so 
 depolarigmmecrease the yield of desired product. These disadvantages 


iction is ay be eliminated partially, if not entirely, by the use of 


rization dium salts of organic acids of high molecular weight as the 
. Evidentifiiepolarizer solvent. Such solvent solutions, in which many 
stirring prganie substances are readily soluble, are not only good 


onduetors but they do not act as cathodic depolarizers. Sol- 
for ag ent solutions of this type have been used successfully for 


1es fixed ghee electrolytic reduction of aromatic nitrocompounds (29). 

reductiot Depolarizers of limited solubility may be brought into 
of mannifmmontact with the electrode as suspensions or emulsions in the 
g either mpqueous electrolyte, the latter being maintained either by 


be markelfm™mechanical means or by the use of an emulsifying agent 


ously. Half—27, 30). Due to a wick action which transports the de- 
of tempempolarizer to its active surface, a porous electrode has proved 
“ular valuieflective in the reduction of insoluble liquid depolarizers. In 
h the initiffifhis manner nitrobenzene, for example, has been reduced at 
id the nif porous carbon electrode in contact with an aqueous electro- 
te and the nitrobenzene (31). In reactions for which carbon 
s unsuitable as the electrode material, ‘‘wicking-electrodes” 
wy be prepared by coating porous carbon with an ap- 
ower of metal. 
wolarizat The electrolytic oxidation or reduction of a solid insoluble 
ely on tiii@lepolarizer may be accomplished by introducing it into the 
erpotentui/™lectrode. This expedient has been employed with success 
acid is Migmor the oxidation of anthracene, by employing as the anode 
alladiun @™ storage battery grid into the slots of which is pressed a 
tential uste composed of the depolarizer, lead dioxide, and sulfuric 
1 of (32), 
ybenzent 
Commercial Applications 
azobenzel 
curr: 0 Notwithstanding the large number of organic compounds 
t zine, tiq@ge*t has been prepared by electrolytic methods in the labora- 
1 reductsf//0'y, only a few electro-organic reactions have been carried 
pper on a technical seale. 


takes pf [be commercial purification of n-butyl aleohol has been 


ht platin whieved in the cathode section of an electrolysis cell (33). 
12 per ¢ continuous, commercially feasible operation has been de- 
eduction fme’ped for the electrolytic reduction of acetone to pinacol 
5S per subsequent conversion into 2,3-dimethyl butadiene (34). 

The electrolytic manufacture of p-amidophenol and benzidine 
accelenif’ 2 opcration at several plants in Europe and was, at one 
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time, in use in this country; and it is probable that the 
electrolytic reduction of fumarie acid to succinic acid (35) 
is being employed to an increasing extent, and that by this 
means pyridine is transformed to piperidine (36). Gluconic 
acid has been produced in commercial quantities by the 
electrolytic oxidation of glucose (37). Millions of pounds of 
mannitol and sorbitol have been manufactured by the electro- 
lytic reduction of glucose at a plant which started operation 
in 1937, with a monthly capacity of 250,000 pounds of these 
hexatols. This electrolytic process and the plant have been 
described (38) and the performance of the electrolysis cells 
discussed (39). A recent commercial application of electro- 
organic chemistry is the electrolytic fluorination of organic 
compounds, which is being carried out in this country on a 
pilot plant scale (40). 

Among the handicaps responsible for the very limited ap- 
plication of electro-organic syntheses on a commercial scale, 
the following are frequently cited: (a) low cell capacity due to 
the slow rate of depolarization and, consequently, the large 
floor space required; (b) the limitations resulting from the 
low solubility of many organic substances in aqueous electro- 
lytes; (c) the high costs of electrical energy; (d) the necessity 
for careful control; and (e) the complexity and expense of 
equipment. Procedures for overcoming the first two, at least 
partially, have already been indicated; the last two handi- 
caps are, perhaps, inherent. 

The energy costs of the electrolytic production of many 
organic compounds compare favorably with those of other 
methods. In the case of electrolytic oxidation there is a good 
margin and in that of electrolytic reduction a fair one, except 
when the cheapest reducing agents, such as iron (41) and 
hydrogen, are involved. A material decrease in energy costs 
and possibly, therefore, a stimulation of the technical ap- 
plication of electro-organic chemistry would result, if it 
were possible to carry out simultaneously and successfully, 
in the same cell, desirable oxidation and reduction reactions. 
While such a development is important (42), up to the 
present time but few oxidations and reductions have been 
effected in the same cell at the same time. The oxidation of 
anthracene to anthraquinone and the reduction of azobenzene 
to benzidine have been achieved, with good yields, in a cell 
of commercial size (43). Single cells have also been used for 
the simultaneous production of p-amidophenol and am- 
monium persulfate (44) and of hexatol and lead dioxide (45). 

In the selection of electro-organic syntheses that might 
lend themselves to commercial development, a recent, critical 
compilation of published electro-organic reactions should 
prove of value. This significant bibliography lists only those 
reactions which give yields equal or superior to those ob- 
tained by purely chemical methods (46). 
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The general field of polarography may be divided into two 
jivisions: (@) the study of inorganic compounds in aqueous 
utions, and (b) the study of organic compounds in various 
alia. The field of organic polarography, or micro electro- 
sanic chemistry, has seen a slower development than its 
organic counterpart because of the inherent nature of 
vanie compounds. Their insolubility in water requires 
vies to be made in mixtures of water with organic solvents 
in nonaqueous media. Because of their unsaturation the 
ectrode reactions involve hydrogen ions and make the use 
buffered solutions desirable. Moreover, the electrode re- 
tons are difficult to formulate since the majority of the 
jyctions and oxidations of organic compounds are ir- 
versible and the nature of the products is often unknown. 
spite of these difficulties, over 600 papers have been pub- 
hed on the subject with the majority of them appearing in 
e last ten years. This field has been intimately associated 
th The Electrochemical Society from its earliest days and 
number of papers have been presented at the meetings 
d published in the JouRNAL. 
This science up to the present time has dealt mainly with 
etheory and applications of the dropping mercury electrode 
mixtures of water and organic solvents. Of necessity the 
ulies have been limited to compounds which are soluble 
il stable toward hydrolysis in such media. The applied 
id has been concerned with (a) the qualitative detection 
1 quantitative determination of organic compounds, (b) 
ructural determination, (¢) the relation between structure 
| half-wave potentials, and (d) the mechanism of electro- 
uctions. The analytical use has been applied to the study 
| the kinetics of reactions and to determine the extent of 
mpletion of a reaction in which one or more of the re- 
tants or the reaction products are reducible at the dropping 
ercury electrode. A minor use, but one which has future 
sibilities, is the determination of conditions polarograph- 
ily for the large scale electrolytic preparation and chemical 
reparation of organic compounds. The use of solid electrodes 
polarography may become important in this respect. 
Polarography saw its beginning in the first publication by 
wroslay Heyrovsky in Chemické Listy, 16, 256 (1922) and 
er on more completely in the Philosophical Magazine, 45, 
8 (1923) on the phenomena displayed in electrolysis with 
¢ dropping mereury electrode. This work which involved 
study of the deposition of alkali and alkaline earth metals 
s quickly followed in the next year by the electroreduction 
i the first organic compound, nitrobenzene, by Shikata, a 
vung Japanese coworker of Heyrovsky’s. The results on 
is compound were not published until 1925 although the 
uper Was presented before the Faraday Society in 1923. 
Work in the organie field was continued by Shikata and 
‘ students in Japan and extended to the reduction of 
iphatie aldehydes and ketones, pyridines, substituted aro- 
tie nitrocompounds and azobenzenes. Comparisons were 
tule in these investigations between the reduction-poten- 
ils and structures, which later (1938) evolved into the 
likata’s cleetronegativity rule of the reduction potentials 
organic compounds. 
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In Czechoslovakia, Heyrovsky and his students, Herasy- 
menko, Smoler, and Schwaer, continued work on organic 
compounds and studied the reduction of acetaldehyde, sugars, 
oxalic acid, fumaric, maleic, and other unsaturated acids. 
They were joined in this field in 1932 by Semerano in Italy 
who published on the reduction of aromatic aldehydes. This 
period also saw the first use of the dropping mercury electrode 
as an anode in the oxidation of hydroquinone (1934) and the 
placing of polarography upon a more scientific basis. Ex- 
perience up to this time had shown that the limiting current 
was proportional to the concentration of the reducible sub- 
stance under identical conditions. The development of the 
Ilkovie equation in which the limiting or diffusion current is 
shown to be related to the concentration and diffusion co- 
efficient of the substance and the capillary characteristics 
occurred in 1934. The demonstration by Heyrovsky and 
Ilkovie in 1935 that the half-wave potential was independent 
of the concentration and rate of flow of mercury was also of 
fundamental importance. 

It was not until 1937 that polarography actually took on 
more of an international aspect. The main reason for this 
change was no doubt Heyrovsky’s lectures on polarography 
as Carnegie Visiting Professor in 1933 at the University of 
California at Berkeley, Stanford University, California Insti- 
tute of Technology, various midwestern and eastern uni- 
versities in the United States, and at the Radium Institute 
in Leningrad on the occasion of Mendeleeyv’s Centenary 
Celebration (1934) in Russia. These lectures were aided in 
publicizing the method somewhat by the appearance of a 
book by Heyrovsky on Polarography in 1933 in Czecho- 
slovakian and the recognition given to the method by the 
extending of an invitation to Heyrovsky to write an article 
for Béttger’s Volume II of his “Physikalische Methoden der 
analytischen Chemie” in 1936. 

The first papers published in this country were on applica- 
tions of the method to the solving of organic chemical prob- 
lems. Jurs and Noller in 1936 used the method to detect 
and estimate the amount of fructose present in the hydrolysis 
products of a saponin. This work was quickly followed by a 
demonstration (by Borcherdt, Meloche, and Adkins in 1937) 
that the method could be used to measure amounts of ketones 
in the presence of each other. These investigators then pro- 
ceeded to use the method to study the tautomerization of an 
optically active azomethine (1938) and to establish the rela- 
tive oxidation-reduction reactivities of ketones and aldehydes 
(1938). Lauer, Klug, and Harrison are credited with the first 
use of this method for structure determination in 1939. The 
behavior of the green a- and red 8-p-azophenols at the drop- 
ping mercury electrode was found to be identical and indi- 
cated, in agreement with x-ray studies, that the compounds 
were not cis-trans isomers. 

The year 1937 also marked the beginning of work on 
theoretical polarography in this country by O. H. Miller 
who demonstrated that the half-wave potential for a reversible 
oxidation-reduction system (quinones) corresponded to the 
standard electrode potential for this system. These important 
results were presented at the 71st general meeting of The 
Electrochemical Society in Philadelphia on April 29, 1937 
and represented the first of a number of investigations upon 
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polarography which have been presented before this organiza- 
tion and which have appeared in the JourNAL of the Society. 

In Europe, extension of the method occurred at about the 
same time as in the United States. The first paper from 
Germany by Winkel and Proske on the reduction of a variety 
of carbonyl compounds appeared in 1936. The first contribu- 
tion from France by Hoang on azo dyes was published in 
1938 while that from England on phenyl alkyl ketones by 
Davies occurred in 1939. In the same year (1939) Neiman in 
Russia published his first paper on peroxides. 

Probably the greatest stimulation to polarographic studies 
was given by the appearance of review articles on polarogra- 
phy by Kolthoff and Lingane, and by Miller in 1939, and of 
books on polarography by Kolthoff and Lingane (1941) in 
this country, and by Heyrovsky (1941) in Europe. The latter 
book was a revision of his first edition and was written in 
German. These treatises had a great effect upon polarography 
since they pointed out the errors of the past and stressed the 
use of half-wave potentials, buffered solutions, and other 
standardized procedures for future work. These recommenda- 
tions have been followed by the majority of polarographers. 

The period following the publication of these books has 
seen a voluminous increase in the papers on organic polarogra- 
phy. Only brief mention can be made of some of these which 
expanded or contributed to the understanding of the subject. 

Some of the most important papers were those by Brdicka 
(1941) on the interpretation of adsorption waves. This phe- 
nomenon changed the behavior of some reversible systems 
from that observed potentiometrically by introducing a small 
anomalous reduction wave before the main reduction step. 

The same investigator (1937) was also instrumental in the 
discovery of kinetic currents which are important in the 
polarographic behavior of compounds that exist in equilibrium 
with closely related structures. Common examples are for- 
maldehyde and its hydrate, aldohexoses and their cyelic 
structures, and acids in which reducible groups are present 
and their anions. 

Numerous groups and structures were added to the list of 
polarographically reducible and oxidizable possibilities. The 
behavior of the mereaptan-disulfide system as present in cy- 
steine-cystine, arsonic acids, and chromans and coumarans at 
the dropping mercury electrode has been reported on by Kolt- 
hoff and his coworkers. The reduction of aromatic unsaturated 
hydrocarbons and polynuclear aromatic hydrocarbons was 
demonstrated by Laitinen and Wawzonek (1942), aliphatic 
dienes and organic halogen compounds by von Stackelberg 
and Stracke (1949), phenylmercuric salts by Benesch (1951), 
diazonium salts by Atkinson (1950), various oxygen hetero- 
cyclic compounds by Geissmann (1949), Santavy and others 
(1950), pyridines by Tompkins (1943), quinoline by Knob- 
loch (1947), substituted quinolines by Stock (1944), and 
acridines by Kay and Stonehill (1951). The work of Pearson 
(1948) on aromatic nitrocompounds contributed greatly to 
the understanding of the polarographic behavior of these 
possibilities while that of Petru (1947) elucidated the steps 
in the reduction of the aliphatic compounds. 

The work on diazonium salts stimulated the use of the 
cathode ray polarograph in organic analysis and in the re- 
action kinetic field where quick determinations are necessary. 
Thus, accurate results have been obtained in the analysis of 
formaldehyde in slightly basic solutions in the presence of 
acetone. This analysis has to be performed quickly because 
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formaldehyde and acetone condense rapidly in basic jy. 
to 8-hydroxyethyl methyl ketone. The instru: cent 
used to follow a fast reaction such as the cou ing of , j 
azonium salt with a coupler which is completed in the jy) 
of thirty to one hundred and fifty seconds. 

The possibility of using the polarographie iiethod , 
pilot technique to establish optimum electrolysis conditis 
of electrolyte and cathode potential was first suggeste \ 
Lingane (1943) and demonstrated by the success{y| prepan 
tion of 9-(0-iodopheny!)dihydroacridine from 9-(0-iodophey 
acridine using a large mercury cathode and efficient stiryiy 
All chemical reducing agents tried either did not of 
reduction or led to complete reduction to 9-phenyldihy, 
acridine. The electrolytic reduction was carried out 
constant potential which corresponded to the value at whi, 
the first diffusion current plateau was reached at the dyy 


ping mercury electrode. This technique has been widely , vs 
in establishing the mechanism of reduction of organic cr a 
pounds at the dropping electrode by producing enough ihe 
the product so that it can be isolated and identified. 1) os 
process has apparently been tried only once for a large se P 
preparation of an organic compound (pinacol from p-amiy va 
acetophenone) and found to yield only p-aminopheny|met! +e 
carbinol. This behavior indicates that polarographic dy 4 ‘ 


alone are not sufficient to predict the products at a ay 
mercury electrode with stirring. It must be remembered th 
at the dropping mercury electrode only diffusion proces 
are involved. Intermediates are therefore not removed {1 
the electrode surface, as in the large scale stirred preparatia 
to the solution where dimerization, disproportionation 
rearrangement can occur. A factor which has to be c« 
sidered in varying the amounts of these side reactions in t! 
large scale process apparently is current density. 

The use of polarographic data as an aid in predictiq 
chemical reduction has been carried out by Ochiai (if 
in his work with 4-nitropyridine-N -oxide and 4-nitroquinoli 
N-oxide. The polarographic reduction potentials for t 
nitro and N-oxide groups differed from each other by 
than one volt and indicated that the former could be: 
duced more easily than the latter. This fact was confirme(| 
the excellent yields of the corresponding amino-N-ovil 
using chemical reducing agents. 

The use of solid electrodes in polarography has been cu 
fined mainly to studies of reversible systems and oxidatu 
reactions with the microplatinum electrode. The only « 
ample studied at other metallic electrodes was the reducti 
of nitrobenzene (1949) at spherical copper, silver, and aml 
gam electrodes; curves similar in shape to those formed at t 
dropping mercury electrode were obtained. This techni 
may become more important in the future in establishim 
conditions for the reduction of organic compounds at »! 
electrodes. 

Polarographic studies in nonaqueous media have | 
limited thus far mainly to solvents with hydroxy! grou 
e.g., alcohols, glycerol, ethylene glycol, methyl cellosol" 
and acetic acid. These liquids have the same disadvantet 
as aqueous mixtures toward easily hydrolyzable compou 
Media which do not have the hydroxy! grouping either li 
been used only to a limited extent (formamide) or have ™ 
low a dielectric constant and will dissolve very little 
electrolyte (benzene, toluene, and aniline). This field wi 
out doubt will be investigated more intensely in the future 
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Introduction 


The technique for the electrolytic polishing of lead, tin, 
nd their alloys, deseribed below, produces polished and 
tched specimens without laborious initial grinding and sur- 
yee preparation, at the same time avoiding the handling of 
wtentially explosive chemicals. 

Lead and tin have been polished electrolytically by Jacquet 
using perchlorie acid-acetic anhydride electrolytes, while 
Decker, Krijff, and Pluut (2) have described conditions 
or polishing lead-tin alloys in a dilute perchloric acid-ethyl 
slcohiol electrolyte. Perchloric acid is potentially explosive 
shen in contact with organic materials and with bismuth 
nd its alloys. The evolved method required only a small 
iegree of bath composition control with a safe inexpensive 
kctrolyte, used over a wide range of both bath temperatures 
bnd anode current densities. 


Experimental 


Specimens used ranged from commercially pure tin through 
arious lead-tin alloys, as shown in Table I. Specimens were 


TABLE I 


hill cast in a simple flat bottom brass mould to produce a 
button of metal about one inch in diameter. On cooling, the 
surface of the specimen was carefully turned on a lathe to 
give a surface as illustrated in Fig. 1, about ,& in. (1.6 mm) 
reing removed from the specimen surface to assure penetra- 
tion of the skin of the casting. 

Apart from the specimen being rinsed with alcohol and 
‘ried after turning, no other surface treatment was given 
before the polishing procedure was begun. 


Apparatus 


Electrolvtie polishing was first attempted in a glass beaker 
using a range of concentrations of aqueous fluoborie acid 


"Department of Chemical Engineering, University of 
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solutions. In some cases, lead was polished to a highly lustrous 
surface finish, but considerable difficulty was incurred in 
removing the specimen from the electrolyte without severely 
etching the surface or causing a fine ““bloom”’ to form on the 
newly polished surface. If either the current was cut off 


Fig. 1. Tool marks on a turned lead-tin alloy specimen. 
100X. 


SIDE PLATE r 
COUNTER WEIGHT. 
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Fig. 2. Sectional elevation of the electrolytic polishing 
cell. 


before the specimen was removed from the electrolyte or 
the specimen was removed while the current was flowing, a 
deterioration of the surface finish resulted. 

To overcome etching the specimen during removal from 
the electrolyte, a modification of the inclinable cell designed 
by Parcel (3) was built. This is illustrated in Fig. 2. 

The brass cell holder was coated with a polyvinyl! chloride 
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lacquer to prevent corrosion. It was fitted with an adjustable 
spring-loaded anode contact which held the specimen against 
an aperture in the side of a hard rubber cell made from a two- 
volt lead accumulator case. 

The cell could be maintained in either an inclined or 
horizontal position. While in the inclined position, the electro- 
lyte was poured into the rubber cell up to the level of the 
anode aperture. After the specimen was placed over the 
aperture in the cell wall, the cell was raised to the horizontal 
position, the level of the electrolyte in the cell rising above 
the specimen and electrical contact being made by the 
spring-loaded anode holder. The cell was designed so as to 
make or break the electrical circuit as rapidly as possible. 

The frame holding the rubber cell was supported by a 
pivoted brass strut. This strut was counterweighted so that 
when free it rested at 45° to the horizontal. The pressure of a 
lever-operated cam sprung the supporting strut sufficiently to 
rotate it after a slight upward movement of the cell and 
supporting frame. The cell and supporting frame could then 
be lowered rapidly to the inclined position at the same time 
as the specimen was removed from contact with the electro- 
lyte. 

A simple series circuit was used to control the current, 
supplied to the electropolishing cell by a bank of lead ae- 
cumulators. 

The cathode consisted of a piece of 18 gauge 18-8 stainless 
steel 14 in. (4.8 em) wide, of which an area of 14 in. (4.8 em) 
x 2} in. (6.4 em) was exposed to the anode when the cell was 
in operation. The cathode could be fitted at various distances 
from the anode aperture. The inside dimensions of the cell 
were 14 in. (4.8 em) wide, 4} in. (10.5 em) long. The anode 
aperture was set at 1} in. (2.9 em) from the bottom of the 
inside of the rubber cell, and was bored to have an area of 
one-third of a square inch to facilitate current density calcula- 
tions. The inside of the aperture was champhered at 45° 
to allow precipitated salts to fall freely away from the vicinity 
of the anode while electropolishing was in progress. 


The Electrolyte 


The bath was commercial grade fluoborie acid, being a 40 
per cent aqueous solution containing 2 per cent sulfuric acid. 
The sulfuric acid did not play an important part in the polish- 
ing mechanism, since electrolyte from which the sulfuric acid 
was removed, by precipitation with barium carbonate, func- 
tioned quite satisfactorily. With sulfurie acid-free electro- 
lytes, voltage and current densities were slightly different for 
the polishing range. While polishing was in progress, a con- 
siderable quantity of hydrogen was evolved at the cathode, 
there being no visible evolution of gas at the anode. 

With tin, a white to gray sludge formed at the anode for 
low current densities, whereas in the polishing range a black 
film formed over the surface of the anode. With lead speci- 
mens, a white film appeared on the surface of the specimen 
and, in baths containing sulfuric acid, some of the lead was 
precipitated as lead sulfate. This precipitate did not interfere 
with the polishing action. The bath appeared to be fairly 
stable, since, after fifty polishings no marked deterioration had 
occurred in 250 ce of electrolyte. While polishing was in opera- 
tion on lead, tin, and their alloys, a spongy deposit of lead 
and tin was formed on the cathode. 
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Polishing Technique 


The specimens, after turning and rinsing with al: hol, were 
dried and placed over the anode aperture while tlie cel] yy 
in the inclined position. On elevating the cell to the /orizontg 
position, contact of the specimen with the electroly ‘e and th 
spring-loaded anode started the current flowing. The range 
of cell voltages and current densities for polishing lead-tip 
specimens is given in Table IT. 


TABLE II 


| Composition Current density na 
| voltage, | | Tim 

Pb | % Sn |Amp/in?| Amp/cm? volts = 
3 | —| 100 | 27-36 | (4.2-5.6) | 15-17 | 20-37 | 35 Bi rc 
4 | 10) 90 | 30-45 | (4.7-7.0) | 16-20) 2045 35 
5 | 38 62) 35-45 | (5.4-7.0) | 16-20 | 20-45 | 35 nt is 
6 | 80| 20| 35-45 | (5.4-7.20) | 16-20 | 20-45 | 35 
7 =| 5 | 35-45 | (5.4-7.0) | 16-20 | 20-45 | 35 
8* 100, — | 24-45 | (3.7-7.0) | 16-21 20-40 | 35 


* For pure lead, a longer polishing time could be employed 
if the electrolyte were agitated. 


Fic. 3. Tin 100X. The mosaic structure inside the crystal 
boundaries is due to small quantities of impurity in the tin 


Fia. 4. Alloy of 90% tin with 10% lead, showing tin-rieh 
solid solution and lead-rich solid solution precipitated from tl 
tin-rich solid solution during cooling. 250X. 


After the contact was made, the current flowing throu! 
the cell fell off rapidly as a film was formed on the ano‘ 
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01, Were 
cell Was 
and the 
le range 
lead-tip 
| Time 
¥ 
7 | 35 Fig. 5. Alloy of 62% tin with 38% lead, showing a eutectic 
15 | 35 sture (dark) and tin-rich solid solution. The tin-rich compo- Fic, 8. Pure lead showing grain boundaries and inclusions. \ 
5S | 3-5 at is present as a dendritic formation. 250X. 250X. y 
mployed 
20 
VOLTS 
: 
Fic. 6. Alloy of 20% tin with 80% lead showing lead-rich 
jid solution (white), areas of precipitated tin-rich solid 77) 35 
lution and dark areas of dense eutectic. 250X. AMPS PER SQIN. 


Fig. 9. Polishing range of current density and voltage for 


lead in 40% fluoboric acid solution at 25°C. 
erysta 
he tin T T T T 
‘ 
x 
Fic. 7. Alloy of 5% tin with 95% lead, showing lead-rich 
lid solution grains, with finely divided tin-rich solid solution 
ecipitation dispersed through the grains. 250. 
tip-rid inace, If the specimen were removed from the cell when ) 10 20 30 40 50 
bea ‘he Current had fallen to a stable value, the film on the anode AMPS PER S@ IN. 
lace was loosely adherent, and could be washed from the _ Fig. 10. Polishing range of current density and voltage for 
ecimen leaving a surface which when examined under the tin in 40% fluoboric acid solution at 25°C. 
sited hicroseope revealed the structure of the alloy treated. The 
+ tena otomicrographs, Fig. 3-8, were photographed directly after If the specimen were allowed to remain in contact with the 
ishing and etching in this manner, the specimen having electrolyte after the current had fallen to its lower value, the 


*i first washed in running water, rinsed, and dried. current caused local heating of the electrolyte and severe 


|. 
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corrosion of the metal surface. In general, the electrolytic 
action could not be maintained for more than ten seconds 
owing to heating of the specimen and electrolyte. Repeat 
polishes could be used if the tool marks were not completely 
removed from the surface of the specimen in one operation. 


Results 


The photographs, Fig. 3-8, of the metals and alloys pol- 
ished, reveal the expected structures of cast lead-tin alloys. 
The mosaic structure inside the crystal boundaries (Fig. 3) 
is due to small quantities of impurity in the tin. C. W. Mason 
and W. G. Forgeng (4) reported that pure tin to which 0.004 
per cent bismuth had been added had a structure which was 
deceptively like a eutectic, although the quantity of foreign 
metal was far below the limit of solid solubility. Fig. 5 shows 
small particles of the anode film which have adhered to the 
specimen surface. In the case of lead (Fig. 8), the specimens 
showed inclusions around which no marked corrosion had 
occurred. 


Conditions for Electrolytic Polishing 
of Lead-Tin Alloys 


Electrolytic polishing in fluoborie acid solution (either 
commercial or sulfate free) was, in the case of lead, accom- 
panied by the occurrence in the vicinity of the anode of a 
white film which was not adherent and continually streamed 
from the anode surface while polishing was in operation. In 
the case of tin, a black film was formed, which adhered 
loosely to the surface of the anode. 

The range of polishing conditions obtained for pure lead 
and tin when current density against voltage was plotted is 
shown by the shaded areas in Fig. 9 and 10. 


June 1g 


Conclusion 


The method of preparing lead-tin alloys for ‘nieroses 
examination described in this paper avoids the t Ne-consuy 
ing initial preparation of these soft alloys, and avolves | 
great skill in manipulation. 

It is probable that investigation of the polishing behyy: 
on zinc, copper alloys, and some alloy steels in flioborie gq 
based electrolytes may lead to further advanceinent jy 4) 
laboratory electropolishing field. 
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Parker | Cleveland Section 

inelinal The March 8 meeting of the Cleve- 

ographir und Section was designated as “Local 

of. Talent Night” and designed as an 

‘ aperiment in local section activities. 

arch Fun intead of bringing a noted speaker 

oralis) { nto town, & program was arranged to 
sve young electrochemists, all residing 
1 the Cleveland area, the opportunity 
iy present some of their own original 
rsearch before the Section. 
The purpose was also to see whether 

UOT, Sl, program of this kind would provide 
high caliber technical presentations, 

: whether it would interest the Section 

loys, 6, 


imct more young electrochemists and 
guests to the meeting. From all points 

{ view, the experiment turned out to 
tea great success. It drew the largest 
itendance of the season, the presen- 
tutions were all excellent, and the sub- 
jets were sufficiently diversified to 
keep all of the audience interested 
throughout the evening. 

Each speaker was allotted 15 to 20 
nutes for his presentation, after 
rhich some time was allowed for dis- 
ssions. The speakers and subjects 
were as follows: 

L. R. Shiozawa, Case Institute of 
Technology, “The Electrochemical Be- 
wwior of Zine and Galvanized Steel 
Aqueous Solutions” 

C. L Hildreth, National Carbon 
vompany, “Applications of the Theory 
Electrolytes to Practical Problems” 

i. B. Yeager, Western Reserve Uni- 
trsity, “Applications of Ultrasonics to 
Hlectrochemistry”’ 

Judging from the success of this 
neeting, similar activities can be 
recommended to other local 
‘ections of the Society. 


H. C. Froenicu, Chairman 


Midland Section 


The feature of the April 1 meeting 
i the Midland Section, held at the 
Dow Auditorium, Midland, was the 


vmbership, and whether it would at-. 


Activities of Local Sections: New Officers Elected 


showing of the film ‘Corrosion in 
Action.”’ This is an educational motion 
picture in color produced by the Inter- 
national Nickel Company (described 
in the May Journat under the New 
York Section meeting). 

Dr. T. P. May, of the International 
Nickel Company, who had done con- 
siderable work in the preparation of the 
film, introduced the subject and de- 
scribed some of the production difficul- 
ties encountered in its preparation. 
Following the presentation there was 
further discussion of the filming of 
various scenes. It was a very interesting 
meeting, attended by about 175 Dow 
personnel. 


W. R. Perry, Secretary 


Niagara Falls Section 


The Niagara Falls Section held its 
annual Ladies’ Night meeting at the 
Red Coach Inn on April 16. 

Gardner H. Dales, Special Studies 
Engineer of Niagara Mohawk Power 
Corporation, spoke on the topic ““More 
Power From Niagara.” The history of 
Niagara’s power development, and the 
engineering and political aspects of the 
contemplated further use of Niagara’s 
power potential were very well pre- 
sented. The subject, which is of close 
concern to the members of this section, 
brought out a very active discussion 
at the conclusion of the talk. 

At the business meeting the follow- 
ing officers were elected for the year 
1952-53: 

Chairman—MortonS8. Kircher, Hooker 
Electrochemical Company 

Vice-Chairman—Harry R. Oswald, 
Oldbury Electro-Chemical Company 

Secretary-Treasurer—Milton Janes, 
National Carbon Company 


Harry R. Oswaup, Vice-Chairman 


Pittsburgh Section 


The Pittsburgh Section met on Feb- 
ruary 27 at the Mellon Institute. J. 
M. Guthrie, Chairman of the local 
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section, introduced the guest speaker 
for the evening, Howard T. Francis of 
the Armour Research Foundation, Illi- 
nois Institute of Technology, Chicago, 
Illinois. 

Dr. Francis described a new method 
for the mapping of potential fields sur- 
rounding a corroding specimen. The 
technique is known as “the rotogenera- 
tive method,” and was developed in 
connection with a project sponsored 
by the National Advisory Committee 
for Aeronautics. 

A cylindrical specimen is employed, 
which is rotated in the corrosion 
medium at several hundred rpm. One 
or more “scanning electrodes’ are 
positioned near the specimen surface 
and serve to detect variations in the 
electrostatic field which rotates with 
the corrosion specimen. The reference 
electrodes are 5 mil silver wires, im- 
bedded in an insulating plastic and 
exposed in cross section. The voltage 
variations detected by the reference 
electrode are amplified as an a-c signal 
and viewed on an oscilloscope. The 
standing patterns so produced show 
upward and downward “pips,”’ which 
accurately reflect the position and ap- 
proximate magnitude of the local anodes 
and cathodes on the corroding speci- 
men. 

An alternative method of scanning 
employs 24 scanning electrodes and 
presents the signal on an oscilloscope 
as a series of horizontal lines, much as a 
television picture. The anodic and 
cathodic voltages from the scanning 
electrodes modulate the intensity of the 
oscilloscope beam, thus producing a 
black and white “picture” of the cor- 
roding metal surface. Anodes and 
cathodes appear as dark and light 
regions, respectively. 

Although the development of the 
apparatus is not yet complete, initial 
results indicate that the technique 
should be applicable to a number of 
corrosion problems, including inhibitor 
action, cathodic protection, and pos- 
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sibly electrodeposition studies. 

At the conclusion of the address, a 
very lively discussion ensued in which 
many new potential applications of this 
method and their ramifications were 
discussed. 


R. D. Secretary-Treasurer 


Washington-Baltimore Section 


Thomas D. Callinan and Van A. 
Wente of the Naval Research Labora- 
tory, Washington, D. C., described new 
types of electrical insulating materials 
at the meeting of the Section held on 
April 17, at the National Bureau of 
Standards. 

Mr. Callinan, the first speaker, de- 
scribed the properties and preparation 
of papers made from asbestos and mica, 
glass, silica, and ceramic fibers. After 
acknowledging the fine cooperation of 
the late Bourdon W. Scribner and his 
staff at the National Bureau of Stand- 
ards for their part in making experi- 
mental runs on papers made from the 
above fibers, Mr. Callinan outlined 
briefly the experimental work which 
has led to various stages of development 
of electrical insulating papers made 
from the basic materials referred to 
above. 

Two general approaches were made 
in this attempt to improve high tem- 
perature performance of electrical in- 
sulating papers. The first was directed 
toward an effort to make use of inor- 
ganic materials such as asbestos, ben- 
tonite, and mica, and the second toward 
the production of fine inorganic fibers 
of glass, ceramic, and silica. 

The work on asbestos involved a 
method of separation of magnetite 
from the asbestos in Canadian crysotile 
by means of a Nichols Vortrap, and of 
forming a paper in a sheet-mold ac- 
cording to TAPPI methods. This re- 
sulted in asbestos paper very low in 
magnetite. The mica paper was pre- 
pared by circulating scrap muscovite in 
a paper beater from which the dis- 
persed mica flakes could be removed at 
the top and then formed into paper in 
a sheet mold by TAPPI methods. 
While these methods have made it 
possible to prepare both mica and as- 
bestos papers from essentially domestic 
sources, there is still a need for higher 
temperatures in electrical insulating 
materials. 

Mr. Callinan then reviewed briefly the 
progress on synthetic inorganic fibers 
as paper-making materials and _ indi- 
cated that, in addition to that made 
from fine glass fibers, paper has been 
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prepared from both ceramic and silica 
fibers. All three of these fibers are now 
available commercially in sizes down 
to one micron or less in diameter. With 
this range of sizes available it is possible 
to use these fibers as water dispersed 
paper stock in standard paper-making 
machines without modification. 

While the glass fibers and silica fibers 
are now commercially available, the 
ceramic fiber is still in an experimental 
stage of development. The glass fiber is 
free from slivers and slubs and can be 
used as required. The ceramic fiber 
which is prepared by rock-wool methods 
requires considerable treatment to re- 
move shot and slubs. The silica fiber 
which is prepared by leaching fine glass 
fibers with acid is likewise free from 
shot and slubs and can be used after 
the acid, washing and drying treat- 
ment. 

Mr. Callinan also described an in- 
teresting point which has arisen in the 
preparation of all three of these papers 
which, incidentally, have been produced 
in pilot plant runs at the National 
Bureau of Standards, in that all three 
types had high dielectric losses at ele- 
vated temperatures, apparently as a 
result of trapped ions. These three 
papers had been prepared with city 
water; however hand-prepared samples 
using silica and glass fibers but with 
distilled water showed no losses up 
to 150°C. 

Mr. Van A. Wente in his talk de- 
scribed a new method which has been 
developed at the Naval Research Lab- 
oratory for making fine plastic fibers 
into sheets from commercially avail- 
able silicone plastics. This new mate- 
rial, which is identified as ““NaReL” 
combines the appearance of tissue thin 
paper with some of the draping qual- 
ities of cloth and yet uses neither paper- 
making nor textile-carding techniques. 
The basic plastics are heated and 
forced through fine slots, combined with 
air, and then sprayed onto a fine metal 
screen from which the resultant non- 
woven fabric can be removed. Since 
this process requires neither critical 
paper-making nor textile machinery, 
the product should be less expensive 
material for possible longer-lived elec- 
trical insulation applications. Its dielec- 
tric strength is higher than glass and 
it will withstand an operating tempera- 
ture of 250°F. The new material is also 
water repellent and may find poten- 
tial application in protective clothing. 

An interesting discussion period fol- 
lowed each paper. 

The newly elected officers for the 


Section were installed at the close g 
this meeting. 
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At the previous meeting of the ge 
tion, which was held on Marc\; 29 , 
the National Bureau of Standards, thy 
policy of hearing reports of the work of 
individual members was continued 

On this occasion, Sigmund Schuld. 
ner of the Naval Research Laboratory 
described his investigations of deter. 
mination of hydrogen overvoltage on 
smooth platinum. A_ portion of this 
work is the subject of a paper pre: 
sented at the spring meeting of the 
Society in Philadelphia’ teeb. 
niques and difficulties involved in such 
measurements were discussed, togethe; 
with the description of a method fo 
determining the surface cleanliness of 
the electrodes under study. The use of 
these methods made it possible to 
determine whether the surface of the 
electrode was contaminated by impv- 
rities. Also, by use of such techniques, 
very reproducible results were obtaine! 
on platinum in sulfurie acid. An inte: 
esting discussion period followed the 
talk. 

Following the technical session, a 
short business meeting was held and 
the officers listed below were elected 
for the new term: 

Chairman—R. 8S. Dean 

Vice-Chairman—S. Eidensohn 

Secretary-Treasurer—Fielding Ogburn 


Wuire, Secretary-Treasurer 


Alcoa’s Texas Units 
Begin Production 


The first of two new smelting lines at 
the Texas Point Comfort Works of the 
Aluminum Company of America re 
cently started production. The nev 
unit will bring Point Comfort’s pr 
duction capacity to about 135 millio 
pounds of aluminum annually. Thi 
second line is scheduled for completion 
next month. 

Electric power generated throug! 
the use of natural gas operates the nev 
smelting facilities and, when thei 
full production is reached, the gas con 
sumption is expected to rise from the 
present 30 million cubic feet per day ' 
about 50 million. The capacity of th 
power plant will be raised from 120,00 
kw to about 200,000 kw. 

Also under construction by Alcoa art 
two new aluminum smelting plants 
One, at Rockdale, Texas, employs * 
lignite-burning steam power plat! 
the other, at Wenatchee, Washingto, 
will use hydroelectric power. 
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,merican Potash Now 
, sustaining Member 


The Society is honored to add a 
ww name to its list of Sustaining 
embers: the American Potash & 
(yemica! Corporation, with headquar- 
rs in Los Angeles. The company is a 
major producer of primary chemicals, 
the principal products being potash, 
wrax, boric acid, soda ash, salt cake, 
bromine, and lithium carbonate. 

The company’s plant is located at 
Trona, California, on the edge of Searles 
jake in the Mohave Desert, 170 miles 
fom Los Angeles. The chemicals are 
extracted from brine drawn from the 
ke. Since Trona operations began in 
1916, the plant has produced almost 
(000,000 tons of chemicals for agri- 
ture and for industry. The first 
yotash manufactured in the United 
States was produced at Trona 36 
years ago. 

American Potash & Chemical Cor- 
poration employs 1700 at Trona, in- 
cuding subsidiaries, and a staff of 150 
it its executive offices in Los Angeles 
and in its various sales offices. The 
principal officers of the corporation are 
Peter Colefax, President; W. J. Mur- 
phy, Vice-President in Charge of Sales; 
k. W. Mumford, Vice-President in 
Charge of Production; R. B. Coons, 
Vice-President in Charge of Industrial 
Relations; and D. 8. Dinsmoor, Vice- 
President in Charge of Research and 
Development. 

The corporation has five wholly- 
wned subsidiary companies: Borax & 
Chemicals Limited, of England, Trona 
Railway Company, Three Elephant 
borax Corporation, Searles Domestic 
Water Company, and Searles Valley 
Development Company. 


Indian Science Congress 


The 39th Annual Session of the In- 
lan Science Congress was held at Cal- 
utta during the first week of January 
(952. Papers read covered the various 
tranches of science, and lectures, sym- 
posia, and discussions were held. There 
vere a number of subjects of impor- 
lance to electrochemists in which mem- 
vers of the India Section of the Society 
participated. The exhibition of scien- 
tie apparatus and instruments was of 
special interest. 

Distinguished foreign scientists at- 
tended the session, including Dr. J. C. 
Warner, President, Carnegie Institute 
of Technology, Pittsburgh, and Presi- 
dent of The Electrochemical Society. 


T. L. R.C. 
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Symposium on Electroplating 
and Metal Finishing in India 


A symposium on “Electroplating and 
Metal Finishing”’ was held at Jamshed- 
pur on March 7 and 8, 1952, under the 
auspices of the National Metallurgical 
Laboratory. It was divided into two 
sessions on “Theoretical Aspects of 
Plating” and “Industrial Plating,” 
covering electroplating, electropolish- 
ing, anodizing, and protective coatings. 
There was a good-sized gathering drawn 
from research laboratories, plating 
shops, industries, business firms, and 
government establishments. An _ ex- 
hibition of electroplated articles was 
also arranged. 

The India Section of the Society was 
represented and papers were presented 
by members of the Section. T. L. R. C. 


FRANCIS M. TURNER 


Francis Mills Turner, 61, of Roslyn 
Heights, New York, and Atlantic, 
Maine, vice-president of Reinhold Pub- 
lishing Corporation of New York City, 
died at Manhasset, New York, on 
April 3rd. He was a nationally prom- 
inent figure in the chemical world, as 
well as in technical book and magazine 
publishing circles. 

Mr. Turner was instrumental in the 
founding or development of the Chem- 
ical Engineering Catalog, ‘Materials 
& Methods” magazine, the “Condensed 
Chemical Dictionary,” and was the 
author or co-author of several books in 
this field. 

Mr. Turner was an active member of 
The Electrochemical Society, which he 
joined in 1922, and had been com- 
mittee chairman and member of several 
committees. He was the founder of the 
Turner Book Prize awarded annually 
to young authors in the Society. 


PERSONALS 


Sotomon E. Barr is now chief 
chemical engineer and superintendent 
of metal finishing at the M & M Manu- 
facturing Company, Trenton, N. J. 


H. V. Upupa of 8. Kanara District, 
Madras, India, is now at “Atira’’ P. O. 
No. 170, Ahmedabad, India. 


Myron B. Towns has accepted the 
position of Head, Department of Chem- 
istry, Tennesee A & I State Univer- 
sity, Nashville, Tenn. Dr. Towns had 


been at Lincoln University, Lincoln 
University, Pa. 


Eminio Jimeno Git, Professor of 
Metallurgy at the University of Madrid, 
Madrid, Spain, was recently elected a 
full member of the Spanish Real Aca- 
demia de Ciencias Exactas, Fisicas y 
Naturales. As is required of new mem- 
bers, Professor Jimeno gave a talk to a 
special reunion of this body in Madrid 
on April 2; his subject was “Science 
and Society.” 


Vicror A. Hann, The Welsbach 
Corporation, Philadelphia, Pa., has 
been elected to the newly-created posi- 
tion of Executive Vice-President and 
to membership on the Board of Direc- 
tors. Mr. Hann is one of the world’s 
leading authorities on ozone generation. 


Cuartes A. Tuomas, president of 
Monsanto Chemical Company, St. 
Louis, Mo., was a recipient of the 
Missouri Honor Award for Distin- 
guished Service in Engineering at the 
Engineer’s Convocation at the Univer- 
sity of Missouri on March 22. 


WILLIAM PraANHAUSER, formerly pres- 
ident of Langbein-Pfanhauser Werke in 
Leipzig, has been living in Austria in 
recent years. His address is: Schloss 
Ehrenbichl, Bei Klagenfurt (Post Wolf- 
nitz), Kaernsten, Austria. The Society 
has been informed that Dr. Pfanhauser, 
who is well known to many of our mem- 
bers, passed his 75th birthday on April 
11; and good wishes are extended to 
him. 


Vicror ZENTNER has joined Surface 
Alloys Engineering Corp., Los Angeles, 
Calif., as a research chemist engaged in 
research and development in special 
plating processes and plating of alloys. 
Mr. Zentner left the Bureau of Stand- 
ards, Washington, D. C., after complet- 
ing a project there for the American 
Electroplaters’ Society. 


W. J. consulting metallurgist, 
Corvallis, Ore., is scheduled to lecture 
at the International Powder Metallur- 
gical Seminar which will take place in 
Reutte, Tyrol, on June 22-26. 


Dopp 8. Carr has joined the Bart 
Products Company, Inc., Belleville, 
N. J. Mr. Carr was formerly at the 
Research Laboratory of the Interna- 
tional Nickel Company, Bayonne, N. J. 
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MEETINGS OF OTHER 
ORGANIZATIONS 


INDUSTRIAL FINISHING EXPOSITION, an- 
nual meeting, International Amphi- 
theatre, Chicago, Ill, June 16-19. 


AMERICAN Society ror Testinc Ma- 
TERIALS, annual meeting, fiftieth 
anniversary, Hotels Statler and New 
Yorker, New York City, June 23-27. 


American InstiruTe oF ELEcTRICAL 
ENGINEERS, summer general meeting, 
Hotel Nicollet, Minneapolis, Minn. 


INSTRUMENT SocieTy OF AMERICA, an- 
nual conference and exhibit, Cleve- 
land, Ohio, September 8-12. 


NEW MEMBERS 


In April 1952, the following were 
elected to membership in The Electro- 
chemical Society : 


Active Members 


Howarp A. Bewick, Solvay Process 
Div., Allied Chemical & Dye Corp., 
mailing add: 202 Newcastle Rd., 
Syracuse 4, N. Y. (Industrial Elec- 
trolytic) 

Joun H. Bigevow, E. I. du Pont de 
Nemours & Co., mailing add: R.D. 
6, Towanda, Pa. (Electronics) 

Jutes C. BoGet, Schumacher’s Radio 
Laboratory, mailing add: 1706 Church 
Ave., Brooklyn 27, N. Y. (Electro- 
deposition) 

Mieuet V. Boscu, Cromado and 
Anodizado, mailing add: Reforma 
714, Mexico 10, D.F. (Eleetrode- 
position, Industrial Electrolytic, and 
Theoretical Electrochemistry) 

Kennetu J. Busse, Glass Fibers Inc., 
1810 Madison Ave., Toledo 2, Ohio 
(Battery, Electric Insulation, Elec- 
trothermic, and Industrial Electro- 
lytic) 

Georce D. Cremer, Research Divi- 
sion, Solar Aircraft Company, San 
Diego, Calif. (Electrothermic) 

Ray A. Granackt, Sarkes Tarzian Inc., 
mailing add: % Misiura, 1420 N. 
Washtenaw Ave., Chicago 22, Ill. 
(Screen Deposition) 

Rosert 8S. Karpivux, Dow Chemical 
Company, mailing add: 613 Haley 
St., Midland, Mich. (Industrial Elec- 
trolytic and Theoretical Electrochem- 
istry) Formerly Associate Member 

Wituam E. Kuan, Titanium Alloy 
Mfg. Division, National Lead Com- 


pany, Niagara Falls, N. Y. (Electro- 
thermic) 

WituiaM H. La Haye, Acheson Graph- 
ite Plant, National Carbon Division, 
mailing add: Howard Apts., River 
Rd., Youngstown, N. Y. (Electro- 
thermic) 

Lewis M. Leperer, Inner-Tank Lining 
Cerp., mailing add: 1097 Wade St., 
Cincinnati 14, Ohio 

Ricwarp W. Lewis, Vidor Ltd., mailing 
add: 6 Bruce Rd., Downfield, Dun- 
dee, Angus, Scotland (Battery, Corro- 
sion, Electrodeposition, and Indus- 
trial Electrolytic) 

Cartes H. Lowry, Solvay Process 
Division, Allied Chemical & Dye 
Corp., mailing add: Box 271, Syra- 
cuse, N. Y. (Industrial Electrolytic) 

Rosert 8. MacCormackx, Columbia 
University, mailing add: 81 Morris 
Ave., Mountain Lakes, N. J. (Cor- 
rosion) 

Rosert T. MacDona.p, Superior Plat- 
ing Inc., 1060 10th Ave., S.E., Min- 
neapolis, Minn. (Electrodeposition) 

Rosert D. Miter, Electric Auto-Lite, 
mailing add: 3721 Drakewood Dr., 
Cincinnati 9, Ohio (Electrodeposi- 
tion) 

Joun F. Ross, General Electric Com- 
pany, mailing add: 3053 Warrington 
Rd., Shaker Heights 20, Ohio (Elec- 
tronics) 

Ricnarp M. Ru ton, Sylvania Electric 
Products Inc., mailing add: 14 Beach 
Ave., Salem, Mass. (Electronics) 

Josern W. Sausvitte, Department of 
Chem ry, University of Cincinnati, 
Cincinn ti 21, Ohio (Theoretical 
Electrochemistry ) 

James C. Republic Steel 
Corp., mailing add: 5015 Montauk 
Ave., Parma 29, Ohio (Electrodeposi- 
tion and Theoretical Electrochemis- 
try) 

Forses 8. Dow Chemical 
Company, mailing add: 3209 Dart- 
mouth Dr., Midland, Mich. (Indus- 
trial Electrolytic) 

Cuarites N. Warp, National Carbon 
Company, mailing add: 4646 Ter- 
race Dr., Niagara Falls, N. Y. (Elee- 
trothermic) 

Samuet B. U. 8S. Radium 
Corp., Whippany, N. J. (Electronics) 

Kencst Yossiromi, Furukawa Bat- 
tery Company, Ltd., 246, 2-Chome, 
Hoshikawa, Hodogaya-Ku, Yoko- 
hama, Japan (Battery) 


Reinstatement 


C. Bruce Brown, Dominion Tar & 
Chemical Company, Ltd., 2240 Sun 
Life Bldg., Montreal, Quebec, Can- 
ada (Industrial Electrolytic) 
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Associate Memb: 


ABRAHAM L. LEVINE, Tl 
Storage Battery Compan 
add: 7531 Overbrook Avo. | 
delphia 31, Pa. (Battery, Corosigimmmbicl | 
and Electrodeposition) pn (g 

he ce 
Student Associate Member » ele 

Cuares E. Scorr, University of 
cinnati, mailing add: 8344 Cyrpamm wed 
Ave., Cincinnati 16, Ohio 
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LETTER TO THE 
EDITOR 


ycite | 

A Micro-Cell for the Film-Indent ind 
Potential Measuring Technique ing 
Smith and Pingel (J. Electrochem So 
98, 48, 1951) describe in their arti ie 


a procedure wherein a metal, mounte 
in Lucite and polished and etched, ; 
covered with a transparent film 
plastic material. This film is then pierce: 
at any desired location on the meti 
surface with an indenter, using a mien 
hardness tester. The solution potentis 
of the small area of the metal expose 
by the indentation is then determine 
by immersing the sample in an electro 
lyte, using a calomel ‘half-cell and 
suitable potentiometer. 
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SCALE: DOUBLE SIZE 
MATERIAL: LUCITE 
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1716" D. 


36 THREADS/INCH 


RUBBER TUBE GASKE 
+16" WALL « 3/32" DEEP 


MICRO-CELL 


In applying this film-indent techniqu 
to a study of the mechanism of stres 
corrosion, the author has devised 4 * 
called micro-cell. This micro-cel!, fabr 
cated to fit the base of a standa! 
objective lens, is mounted on « thre 
position revolving nosepiece of « mets 
lurgical microscope. By virtue of 
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tion on the nosepiece along with an 
ective an Erb-Gray Micro- 
niness (ester, the micro-cell is cen- 
aj directly over the indentation 
rich had been made at a chosen loca- 
oy (grain boundary or grain center). 
». cell is lowered into position and 
» electrolyte is introduced into the 
ver arm of the cell from a flask which 
- as a junction between the salt 
«ge and the calomel half-cell. The 
wer arm of the cell is closed with a 
sup after allowing the electrolyte to 
w momentarily. 

The construction of the cell is quite 
imple, being made of l-in. diameter 
vite rod (Fig. 1). The most important 
wrt of the cell is the gasket. It has been 
nd necessary to grind the rubber 
bing after positioning it in the cell to 
ire a leak-proof seal when the cell is 
place. 

The advantages of this cell are quite 
merous in that the metal sample, 
ne pierced, need not be removed from 
ie mieroscope for potential measure- 
ents; handling of the various com- 
ments of the film-indent technique 
reduced to a minimum; the indenta- 
wn can be easily checked after the 
tential measurements have been 
ude; and, potential measurements can 
made at points that are relatively 
we with great accuracy as to location. 
indieated this micro-cell is being 
«| to measure potentials in a sample 
s stress is applied to the sample. A 
port on this technique will be forth- 
ming in the future. 

L. W. GLEEKMAN 
University of Delaware, 
Newark, Delaware 


OOK REVIEWS 


NousTRIAL Heat TRANSFER by F. W. 
llutchinson. Published by The In- 
lustrial Press, New York, 1952. 326 
pages, $6.00. 

Professor Hutchinson has prepared 
compendium of curves for the rapid 
proximate solution of 128 heat trans- 
design calculations and problems. 


Pie graphs include 5 on mean area and 


uduetion through tube walls, 11 on 
factors, ineluding human 
ings, on calculating Reynolds, 
andtl, Grashoff, and Nusselt numbers 
™m their defining quantities and vice 
tsa, 12 on film coefficients for stream- 
ne flow and similar conditions, 5 for 
lultiply:ing the local coefficient by the 
ier Or outer area per lineal foot of 
wumber of commercial tube sizes, and 
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9 on miscellaneous overall coefficients, 
etc., from the film coefficients. Turbu- 
lent flow normal to a pipe and heating 
and cooling inside of a pipe are repre- 
sented by 43 graphs for commercial 
chemicals and 38 for gases and vapors. 
The page opposite each graph lists the 
equation or equations on which the 
graph is based, limitations, and a sample 
calculation. The last 81 graphs men- 
tioned above have the physical proper- 
ties “‘built into” them and are all based 
on the equations Nu = 0.023 (Re)®* 


-(Pr)* inside of a pipe, where n = 0.4 


for heating of liquids and 0.3 for other 
eases, and Nu = 0.385 
normal to a pipe. In addition there are 
some 52 pages on elements of heat 
transfer theory, particularly the equa- 
tions used in the graphs, and 6 compact 
pages of dimensions and properties of 
tubes. 

On the debit side might be cited that 
the graphs have no fine subdivisions, 
and that the diagonal “‘transfer lines,” 
which are used to avoid vertical scales, 
cause extra steps and decreased ac- 
curacy. Also, on the condensation and 
boiling graphs, the film coefficient might 
have been replaced, to avoid the trial- 
and-error required in most problems. 
It might also be pointed out that about 
half of the page opposite each of the 
last 81 graphs is used up in repeated 
restatement of the equations, references, 
ete. 

On the credit side, may be listed the 
attractive appearance and durable con- 
struction, and the undoubted saving in 
time that is possible through the use of 
the curves, particularly the last 81. 
This book does not seem generaily 
suitable for use as a text in Heat Trans- 
fer courses, but it should prove a boon, 
in particular, to plant engineers, and 
also to those design engineers who may 
prefer a quick approximate answer to 
the usual more laborious procedure. 

C. F. 


ANALYSIS OF ELECTROPLATING AND RE- 
LATED So.tutions by K. E. Langford. 
Published by Electroplating and 
Metal Finishing, Teddington, Eng- 
land, 1951. xi plus 387 pages, $8.00. 
The book will undoubtedly be wel- 

comed throughout the English speaking 

world, since it answers a long-felt need 
for a compilation of well-established 
methods of analysis of plating solutions. 

The author knows what has _ been 

needed and has succeeded in his task 

of presenting in clear concise form the 
best and most reliable methods of analy- 
sis. Considerable thought has gone into 
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producing a reference text that is prac- 
tical as well as informative. As far as 
the reviewer can see all of the im- 
portant solutions used by electroplaters 
in this country have been dealt with. 
Over 300 methods for the determina- 
tion of principal constituents and im- 
purities in electroplating solutions are 
given, together with chapters on Samp!l- 
ing, the Control of Cleaners, Pickles, 
Dips, Etches, Phosphating Solutions, 
Electrobrighteners, the Analysis of Plat- 
ing Salts and of Water, Physical and 
Physico-Chemical Methods of Analysis, 
the Preparation of Standard Solutions 
for Volumetric Analysis, and a good 
selection of Tables. 

The reviewer wonders if a line or 
sentence has been omitted at the bottom 
of the first paragraph of page 25 where 
the solution is made alkaline instead 
of acid just before the titration with 
ferrocyanide. Two further minor objec- 
tions are, first, that the cost of the book 
seems high considering the rather 
mediocre binding and, second, from the 
standpoint of the American plater or 
chemist, the calculations to oz/gal will 
be of little value since they are based 
upon the Imperial gallon. 

C. L. Luxe 


RECENT PATENTS 


Selected for electrochemists by Fred. 
W. Dodson, Chairman of the Patent 
Committee, from the Official Gazette 


January 29, 1952 


Schloen, J. H., and Franchetto, L. V., 
2,583,799, Electrolytic Process of 
Preparing Selenic Acid from Selenious 
Acid 

Smith, L. H., 2,583,898, Vapor Phase 
Electrochemical Process 

Smith, L. H., 2,583,899, Electrochemical 
Process 


February 5, 1952 


Elrod, H. G., J., 2,584,117, Circulation 
of Cell Electrolyte 

Aller, C. B., 2,584,317, Method of 
Producing Bimetallic Printing Forms 

Sonnino, C., 2,584,400, Process for 
Anodic Oxidation of Aluminum and 
its Alloys 

Ferrand, L., 2,584,565, Fused Bath 
Electrolytic Cell for the Production 
and Refining of Metals 

Richards, W. F., 2,584,615, Thermo- 
couple Device 

Richards, W. F., 2,584,616, Thermo- 
couple Device 

Schneider, W. R., 2,584,623, System 
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and Method for Protecting Pipes 
and Other Current Conducting Strue- 
tures Against Electrolytic Corrosion 

Alden, C. R., 2,584,654, Heater for 
Moving Electrolytes 

Sands, M. L., 2,584,816, Electroplating 
Control System 

Vanharen, L., Rossier, M., and Vandeur, 
L., 2,584,824, Electrolytic Prepara- 
tion of Alkali Metal Chlorites 

Viarengo, J. P., 2,584,946, Battery Lid 


February 12, 1952 


Godshalk, J. B., and Medlar, L. A., 
2,585,005, Method and Apparatus 
for Charging Batteries 

Juvrud, M. O., 2,585,014, High-Voltage 
Rectifier Disk 

Wallace, C. F., 2,585,059, Electrical 
Cell Apparatus for Detecting Chem- 
ical Characteristics of Liquids 

Wallace, C. F., 2,585,060, Electrical 
Cell Apparatus for Testing Liquids 

Hirsch, B. L., 2,585,461, Method of 
Making Fluorescent Zine Oxide 

Bull, C. 8., and Atherton, A. H., 
2,585,534, Secondary Electron Emis- 
sive Electrode and Its Method of 
Making 

Liibeck, C. H. O., 2,585,564, Closure 
for Tanks Containing Battery Cells 

Strickman, 8. W., 2,585,700, Method 
of Making Conductive Designs 

Dorst, 8. O., 2,585,752, Production of 
Discontinuous, Conducting Coatings 
Upon Insulating Surfaces 

Gallois, R., 2,585,761, Electric Glass 
Melting Process 

Klein, S., 2,585, 791, High-Temperature 
Electric Resistance Oven 

Marks, H. C., 2,585,811, Electrochem- 
ical Method of Automatically De- 
termining Available Chlorine in an 
Aqueous Liquid 


February 19, 1952 


Gray, A. G., 2,585,902, Inhibition of 
Oxidation in Tin Solutions 

Ellis, G. B., 2,585,922, Hermetically 
Sealed Alkaline Dry Cell 

Lilienfeld, J. E., 2,585,947, Electrolytic 
Condenser for Alternating Current 
Power Circuits and Method of Ope- 
rating the Same 

Coltman, J. W., and Longini, R. L., 
2,586,304, Protection of Phosphors 
from Attack by Alkali Vapors 

Grusell, A. E., Sandmark, H. O. A.., 
and Hysing, E. G., 2,586,426, Gal- 
vanic Primary Cell 

Harty, E. A., 2,586,539, Metal Rectifier 
Assembly 

Bahney, L. W., 2,586,596, Induction 
Pouring Furnace 
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Hart, J. L., 2,586,649, Recovery of 
Indium Values as Indium Arsenate 


February 26, 1952 


Seaborg, G. T., and Gofman, J. W.., 
Application 25,076, Electrodeposition 
of a Heavy Metal-Containing Ma- 
terial 

Bash, F. E., 2,586,768, Vacuum Tube 
Electrode Element 


Liebson, 8. H., 2,586,836, Iodine 
Counter 
LITERATURE 


FROM INDUSTRY 


Grapuite. New four-page 
brochure contains photographs, dia- 
grams, charts, and information on the 
advantages of colloidal graphite over 
ordinary petroleum lubricants in the 
assembly and run-in of machines. 
Acheson Colloids Company, Division 
of the Acheson Industries, Inc. P-36 


Boric Actp Power Fuses. Illustrated 
booklet entitled “Boric Acid Power 
Fuses”’ describes the complete line of 
power fuses for compact and economical 
short-circuit protection. Discusses 3 
types of fuses with ratings, construc- 
tion, operating characteristics, and 
applications for each type. Westing- 
house Electrie Corporation. P-37 


Berrer Anatysis. New issue of 
Better Analysis, a periodic review of 
the theory and practice of instrumenta- 
tion, is released. Emission spectroscopy 
with several interesting applications is 


described. Baird Associates, Inc. P-38 


Practica, Nicket Piatine. A 44- 
page general publication with over 40 
illustrations, tables, and charts. Pro- 
vides the designer, specifying engineer, 
and user with basic information on elec- 
troplating and detailed information 
on nickel plating and its practices. 
Recommendations on preparation of 
basic metals, recognition and correc- 
tion of plating difficulties, etc. Interna- 
tional Nickel Co., Inc. P-39 


New Propucts. New Product Bulle- 
tin on 3-Aminopropanol gives technical 
data and various potential applications, 
as corrosion inhibitor, etc. American 
Cyanamid Co. P-40 


Contro. Serecrion BULLETIN. 
Eight-page selection guide for a wide 
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range of electric and ele-tronic 
trols, devices, and accessiries jg , 
available. General Electric 


Test INSTRUMENTS. A conde 
four-page catalogue and price 
which contains illustrations oj , 
the Simpson Test Instruments 
Panel Meters, including the new \y, 
276 Oscilloscope Calibrator, is ayaily), 
Simpson Electric Company. Py 


To receive further informatio, 
on any product or process listed 
here send inquiry, with key num. 
ber, to JOURNAL of The Electro. 
chemical Society, 235 West 102nq 
Street, New York 25, N. Y. 


Please print your name and ad. 
dress plainly. 


EMPLOY MENT 
SITUATIONS 


Please address replies to box shi 
% The Electrochemical Society, |» 
235 W. 102nd St., New York 25, N. Y. 


Positions Available 


Senrorn Chemical ENGINeer. 
ters degree or Ph.D* preferred, wi 
10 or more years of experience in te 
nical operation of all types of chlor 
cells. Some production experience ¢ 
sirable, as well as the ability to dir 
other technical men. Excellent hospits 
zation, surgical and life insurance, «! 
pension benefits. Michigan area. Pea 
give full details in first letter. Reply ' 
Box A-238. 


CONFIDENTIAL PRogecT in orgil 
electrochemistry. Requires Ph.D 
equivalent industrial ¢ .perience to lies 
original “search requiring excepto 
talent, i: lependent thinker, stm 
theoretical background. Reduction | 
commercial process will proceed « 
currently with theoretical phase foll 
ing which position open for permanet! 
connection supervising this devel 
ment. $5000-$7500. Location 
Reply to Box A-239. 


Position Wanted 


M.S., 7 years 
search and development experi" 
in primary and storage batteries; 
excellent theoretical background 


electro-organics and electrometallur 
Desires position in the New Yo 
metropolitan area. Reply to Box 3+ 
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: Editorial 


The Electric Insulation Division 


Ti: E ELECTRIC Insulation Division was founded to pro- 
mote the attainment and dissemination of knowledge pertaining to dielectrics. 
This subject is a division of science dealing with the electrical, mechanical, and 
chemical properties of nonconductors of electricity. It is composed of four 
branches of specialized study under the titles, Theoretical Dielectrics, Materials, 
Instrumentation and Measurements, and Applied Dielectrics or Electric Insula- 
tion. The use of synecdoche by the founders of the division shows their practical 
thinking and their bent toward the application of knowledge. 

The first named branch of dielectrics deals with polarization, Maxwellian 
losses, Faraday currents, Dipole Moments, dielectric rupture, conductivity, 
chemical reactivity, thermodynamics, and quantum phenomena. Entire volumes 
have been written on each of these subdivisions of theoretical dielectrics; for 
example Debye, Smythe, and Le Fevre have each published works on Dipole 
Moments alone. ‘‘Materials,’’ studied as dielectrics, include all gases, liquids, 
and solids which do not conduct electricity at constant potential and low gradi- 
ents. Hence the study of the mechanical, chemical, and electrical properties of 
paper, plastics, synthetic and natural oils, ceramic and natural insulators such 
as mica and asbestos are included as subjects for study within this branch of 
knowledge. Since the relative conductivity of each of these items is a function of 
the purity and processing involved in their manufacture, preparative methods 
are considered parts of Materials Dielectrics. The methods by which these con- 
ductivities, dielectric constants, dielectric loss factors, dielectric strengths, and 
are resistances of insulators are determined, are constituents of that part of 
knowledge considered as Dielectric Measurements. Finally the systematic knowl- 
edge of practical dielectrics, including the manufacture, employment, and effi- 
ciencies of such items as condensers and capacitors, wires and cables, terminals, 
bushings and panel mountings is considered under the title of Applied Dielectrics. 

Six papers have been prepared for this commemorative issue each presenting 
a facet of knowledge of the foregoing interests of the Division under the title, 
“Fifty Years of Electric Insulation.” 


—Tuomas D. CALLINAN 
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PERFORMS A WIDE VA ty 
TIONS — Neutralization, Oxidation 
duction, Precipitation, ( mplex-, 
tion and other types. 


NO SPECIAL TRAININ« REQY 
rapid and accurate titra:ions can 


Now--simpler Faster, Automatic Titrations! 


QUICK, SIMPLE OPERAT! \\—compled 
many routine titrations im only |.) 
minutes —even titrations to 0.19% x, 
racy in 23 minutes or less. Change 
sample is simple, rapid—a single moy;, 
raises, locates and secures new sani 


in operating position. 
Here’s another new Beckman ad- 
4 0° co 100° C temperature compen 
vancement in instrumentation — an in- tion .. . adjustable holder accom, 
strument that runs your titrations for 
ent may 
you. It’s the Beckman Automatic Titra- with all standard burettes down » MM 
tor—the instrument that makes accu- 
i accommodated by single amplifier co ese 
rate titrations more rapidly and con- trol unit... uses standard | 
electrodes . . . electrode holders 
veniently than by manua’ methods. Up te 
required position ... ample provis 
for mounting heating devices or othe , 
special equipment. hy 
, S$ such as preparing samples, or calculating ALSO A RELIABLE pH METER ~the Beale 
series of titrations, simply fill the burette, results. man Automatic Titrator can also iy 


used as an AC-powered pH meter x 
give accurate readings over the rang 
0 to 14 pH, as well as millivol 


place the sample in the beaker—and the 
Beckman Automatic Titrator takes over from 
there. Raising the beaker holder into posi- 


pls eliminates the fatigue caused by close 
observation required in manual procedures. 


‘ ings from —600 to +1400 mv. 
tion automatically starts the stirrer motor and bis gives objective, reproducible results... 
begins delivering titrating solution into the eliminates errors due to personal factors. te 
sample. bit provides time-saving conveniences for 


A special circuit electrically anticipates 
the approaching end point, scaling down 
delivery of the titrating solution in progres- 
sively smaller increments to assure a highly 
accurate titration. When the end point is 
reached, delivery of the titrating solution 

r stops and a light shows com- 
pletion of the titration—all 
automatically and without at- 
ee tention from the operator. 

Whether your laboratory 
ne is large or small the Beckman 
3 Automatic Titrator provides 

important advantages in your 
titrating operations... 


sample handling. 


D It releases the technician dur- 
a ing titration, enabling him 
! to perform other operations 


For full details on this new Beckman 
instrument see your authorized Beckman 
dealer, or write direct for Data File 11—52 


BECKMAN INSTRUMENTS INC. 
South Pasadena, California 
Factory Service Branches: New York 
Chicago + Los Angeles 
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The economic transmission of power was the primary 
oblem in electrical engineering during the first half of the 
esent century. The solutions are classic; they include the 


— velopment of power transformers, the fabrication of im- 
an . . 

ted into ammmegnated cables, and the successful production of insulated 
ple Provis) 


ire. These items solved the problem of moving large packets 
hydroelectric power at high voltages, underground, through 
ulated areas to distribution stations where the energy 


OF othe 


R the Bed 
can also MUI be utilized with compact equipment. In the develop- 
a — Tent of these items, the electrical engineer contributed the 


ory of laminates and the chemist the thermally stable 
ses, liquids, and solids essential to the reduction of elec- 
cal units from drafting boards to articles of commerce. 
There was neither orderliness nor direction in the solution 
the problem, but ultimately resolution occurred in the 
vo concepts of dielectric strength and life-expectancy. One 
bi to the requirement of engineering continuity and the 
her to the requirement of chemical stability. On the one 
and, the theory and practice of impregnated laminated 
ructures was developed into the engineering science of 
wlay. It resulted in the attainment of dielectric strengths 
b excess of 3 Mv/em. On the other hand, the utilization of 
e ten-~legree law of chemistry led to the synthesis and 
mmercial availability as dielectrics of the nonflammable, 
ermally stable, chemically inert organic materials of today. 
he scientific pioneers developed the resins as substitutes 
t shellac, the chlorinated materials as substitutes for the 
tmmable mineral oils, and the tissues as substitutes for the 
rapping papers and tapes. The electrical industry has 
mimulated developments in the field of materials which 
ave long ago forgotten their first customer. The answers 
) the various engineering problems of that period appeared 
1 almost exact five-year steps, i.e., bakelites, kraft tissues, 
kyds, chlorinated benzenoids, glass yarn, silicones, fluo- 
inated polymers, and lately the inorganic papers. 
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FIFTY YEARS OF ELECTRIC INSULATION 


General Introduction 


Thomas D., Callinan* 


Lagging the primary problems by a quarter of a century 
and now in its zenith of effort is the problem of the reliable 
transmission of intelligence. It differs markedly from the 
first problem though it is often confused with it. The factors 
involved relate to the engineering aspects of capacitance and 
operational stability. 

Great success has been met in the power range of the 
frequency spectrum. The geometry of the armature-type 
capacitor was reduced by the development of 25 micron 
tissues and films. The apparent dielectric constant was in- 
creased by the development of the polar molecules. The 
reliability was improved by the substitution of chemically 
inert bodies. 

In the shorter wavelengths, the campaign is fluid; the 
engineer finds himself increasingly dependent on materials 
of the presynthetic era—on mica, steatite, and ceramics. 

The chemist skilled in the lore of the carbon derivatives 
finds himself in the terra incognita of adjacent areas of 
Mendeleeff’s chart. Again he finds himself handicapped in- 
creasingly by logistic and combat efficiency problems. The 
reliable transmission of intelligence is increasingly dependent 
on resistance to mechanical, radiational, and thermal shock. 
Studies have been made on the efficiency of items currently 
available, but generally the lists degenerate to catalogues of 
progressively less useful products. 

Although eighty per cent of the half-century related to 
the solution of the problem of the economic transmission of 
power, some of the secondarily important problems of that 
era are with us today including necessity for improved 
moisture resistance, higher impulse breakdown levels, and 
greater stability in the presence of metals. The vitalizing 
force, however, at the beginning of this fifty-year period is 
that of the shock spectrum. Already a host of inorganic 
papers and gases of both natural and synthetic origin have 
appeared. The titanates and the transistor have also made 
their bows. The development of the inorganic fluids and 
varnishes is awaited earnestly. 
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Dielectric Breakdown in Solid Insulation ™ 
elec 
J. J. Chapman* sh | 
A number of very valuable review articles devoted partly results with other workers. In the discussion involving Pye “ 
or wholly to the present subject have appeared during the lich’s theory a general area of agreement is cuitlined, | Mm 
past few years. These serve a useful purpose in depicting uncertainty as to the critical temperature persists. mp 
our progress, as well as providing extensive bibliographies of Polyethylene and polystyrene have been regarded by jyflmmp)" 


lasting value. The review by Burnham (1) shows the ex- 
tensive use of pure science being applied to the study of 
dielectric breakdown. A comprehensive report by Javitz (2) 
demonstrates that practical consideration must govern many 
investigations today. A later report by the same author (3) 
predicts the use of many new materials of exceptional di- 
electric strength. The survey by Kline (4) illustrates the 
diverse fields of investigation motivated toward the goal of 
better materials. Clark (5), in a recent publication, discusses 
some of the outstanding achievements of industrial research 
and thereby illustrates the close connection between chem- 
istry and electricity. Von Hippel (6) reminds us that research 
from the standpoint of basic science is quite often the har- 
binger of the spectacular and unpredictable developments 
of industry. 


Trend of Investigations 


The Wagner (7) theory of thermal breakdown for many 
years entered prominently into discussions of the dielectric 
breakdown of solid insulation. As many new materials and 
conditions of usage occupied the attention of engineers, a 
variance of opinion was inevitable. Additional results and 
interesting discussion are given by Wagner (8) in which the 
breakdown of materials is examined with respect to fre- 
quency and temperature. 

Von Hippel (9) started a new approach to the problem of 
solid dielectric breakdown that has engaged workers in theo- 
retical and experimental activities for more than a decade. 

Keller (10) presents interesting new data on glass, using 
surge voltage techniques, and obtained curves somewhat 
reminiscent of Montsinger’s volt time variation (11) for 
oil-impregnated pressboard. In Keller’s work, however, the 
flat region is barely suggested by the data; this was an 
interesting feature of Montsinger’s curve between 10-*° and 
10-' seconds. Keller discusses his results in the light of theo- 
retical conceptions from the Frohlich school of thought 
(12, 13). 

In this paper and others that follow in this review, the 
magnitude of conduction currents prior to breakdown oc- 
cupies the attention of investigators. In this connection 
the careful technique of Race (14) is of continued interest. 

Oakes (15) presents results of direct current breakdown 
tests on polythene, polystyrene, polyisobutene, and _poly- 
methylmethacrylate over a range of temperatures, —200° 
to 110°C. He also introduced chlorine and oxygen into re- 
spective groups of polyethylene samples so as to form scat- 
tering centers and thus conduct tests of Frohlich’s con- 
ception of a critical temperature. 

Bird and Pelzer (16) examined polyethylene with par- 
ticular regard for crystallite formation and conclude that 
this effect causes no significant change in the direct current 
breakdown strength. 

Ball (17) studied the direct current electric strength of 
polyvinyl aleohol from —195° to 80°C and compares his 


* Institute for Cooperative Research, The John Hopkins 
University, Baltimore, Maryland. 


electrical engineers as very nearly perfect dielectrics ders 
blemished by structural defects or time-dependent polgrig 


tions. Possibly closer scrutiny will indicate that these cm 
pounds can yet attain an even higher degree of excellendmmiles 
Matheson and Caldecourt (18) have studied time-dependejmmet! 


displaced charge in polystyrene. It is not unlikely that «fim. 
displaceable charge may affect the breakdown strength 
this material. 

In a paper of historic importance because it presaged | 
future importance of the Conference on Electrical Insulat 
of the National Research Council, Whitehead (19) propos 
that fundamental properties might well be studied furt! 
in the direct current case before entering the anomalies ; 
be encountered in alternating current investigations. |t 
noteworthy that this opinion has been widely shared, 
that much of the search for the ultimate nature of dielecty 
breakdown has been through the use of direct current voli 
ages. 

Industrial and military applications have necessarily «« 
ried us forward with great impatience into development 
using high frequency and extremely rapid pulse voltags 
The demand for design data far outweighs the growth 
established theory and laboratory data. Tl 

Hurd (20) in a review paper makes note that symmetreiin 
molecules have been observed to exhibit higher impugn 
breakdown strength than unsymmetrical molecules of simian 
lar chemical composition. The observations were made wifjen: 
a breakdown electrode of sharp contour. t] 

The author with coworkers (21) has found that mag T 
materials show a considerable decrease in dielectric strengitar 
in going from 60 cycles to 18 megacycles (recently extende 
to 101.9 megacycles). Like dielectric constant, but witho 
exception, the breakdown strength of solid insulations sho 
important decrease with increasing frequency. 
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Summary 


The predominant view appears to be that dielectric brea 
down is electronic in nature, although other mechanisms 1} 
influence the final physical appearance of the puncture 
indeed affect the magnitude of the voltage required | 
rupture. 

Efforts to prove the electronic nature of failure have giv 
hope for a theory similar to the Townsend avalanche | 
gases, with modifications stemming from the ideas of ‘0 
Hippel and Frohlich. A concise explanation of criteria | 
breakdown comparing these two schools of thought was g@ 
by Murphy (22) in covering a wide range of literature th! 
continues to be of interest. 

However, complete verification without stint of dou! 
has not been obtained for either modification of the Tow 
send theory as applied to solids. Proper test of such ied 
requires ideal materials, which are not available to all 
sired specifications; hence, other effects of a compromisil 
nature enter the experiments. Materials that are of a:ivantit 
in practice are sufficiently different from those of controll 
experiments as to raise serious questions in the applicati™ 
of theory. 
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It has been established, however, that the direct current 
vlectric strength in low temperature regions is comparatively 
}, for many solids. A region of decreasing strength with 
» general expected “knee shape” is found upon increas- 
ye temperature. This would correspond to an increase in 
nduction bands as predicted by Frohlich for a critical 
mperature. However, the behavior of the breakdown curve 


Ving F rok 
lined, } 


d by magfmmpproaching this region is not always as expected, and con- 
sstries rable doubt as to the location of the critical region en- 
polaris 

hese coli Exploration at higher frequencies may reveal that mole- 
excellen es with seattering centers present a changed target for 
depende -elerated electrons, as compared to the direct current case. 


that « «. lack of certain slow polarizations because of their time 

trength oyendence may change the character of the brief liason 

tween accelerated electrons and the component structures 

esaged dielectric. 
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rrent volfj 
sarily Electric Insulation Developments: Cables 
elopment 
voltages J. A. Szilard* 
growth 
The main objective in the development of insulated wires cables are used for transmission and distribution largely by 
Tametricfind cables during the first half of this century was to make the electric utilities at voltages as high as 69 kv although at 
r impuihen better both electrically and mechanically and at the the present time the usual upper limit is 35 kv. For very 
S Of sin//Zame time reduce costs. It is safe to prophesy that this will high voltages, 138 kv and higher, the oil filled type was 
made wiliemain the objective of the cable makers for the second half introduced around 1930. In this design the impregnating oil 
this century. is of low viscosity. The line is equipped with oil reservoirs 
hat mag The present multiplicity ‘of insulated wires and cables at intervals and the oil flows longitudinally in channels pro- 
¢ strengitarted with about six main types in use at the turn of the vided in the cable into these reservoirs with the expansion 
y extendem@entury. These were: paper power cables, rubber cables, of the insulation due to heat, or is forced from the reservoirs 
it withou/arnished cambric cables, weatherproof wires, magnet wires, back into the cable when the insulation cools. An alternate 
jons showi/™/nd paper telephone cables. This review is based on the is the pipe type cable in which a steel pipe, protected on the 
ost important advances which occurred in the design of outside against corrosion, is buried in the ground. Oil-im- 
hese six basie types. pregnated paper insulated conductors are drawn into the 
At the start of the century there was a rivalry between pipe and the pipe is filled with oil or gas operating under 
nie break tiper and rubber cables for the high tension field, at that pressures of the order of 200 psi. Pressure of this order 
nisms Mine up to 25 kv. This competition was decided in favor of eliminates the possibility of ionization within the insula- 
eture “Wp !-impregnated paper cable and today, for the highest volt- tion of the cable. Low pressure gas filled cables using nitro- 
quired (oes and for large blocks of power, this cable type is generally gen up to 15 lb pressure are operated with marginal ioniza- 
sed. In fact, this is the only type of cable insulation available tion within the insulation. These cables are in a lead sheath 
lave St present which is suitable for use above about 35 kv. It is and the gas pressure is utilized as a signal system in case a 
anche “> actual operation up to 230 kv and is potentially available leak develops in the lead cover. About the time of the 1920’s, 
” of r still higher voltages. Originally the paper used was made grounded shielding of the individually insulated conductors 
riterid "HB manila rope and the impregnating compound consisted of of multiconductor cable was introduced. Today shielded 
was SP orious combinations of rosin oil, rosin, castor oil, later of cable is the generally accepted type for moderate and high 
ature "Detrolatum and of other mineral oils. Today the paper is voltages. The normal maximum operating temperature for 
hade of wood pulp and the compound is either a naphthenic paper power cables varies with operating voltage from 70° 
of douse mineral oil or synthetic polybutene base oil. The oldest to 85°C and the emergency maximum from 90° to 115°C. 
he Tom nd most widely used paper power cable is the “solid type” While paper power cable proved to be the more suitable 
uch 1, Which no special provision is made to compensate for the in the high tension field, rubber cable became the most 
to al : Xpansion and contraction of the oil-impregnated paper widely used type in the low voltage field because of its 
promisMsulation during load cycles; for this type an extruded lead elasticity, flexibility, moisture resistance, and ease of splic- 
vd vantag heath is used as the outer sovering. Solid type paper power ing. At the turn of the century wild South American para 
oar rubber was the basic raw material with sulfur as the vulean- 
pplicatis *Researeh Laboratory, General Cable Corporation, Bay- 


nne, New Jersey. 


izing agent and inorganic fillers making up the rubber com- 
pound. After World War I, plantation rubber grown in the 
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Far East became more and more widely used in rubber 
cables. After 1920, the use of accelerators to speed the vul- 
canizing process and antioxidants to prolong the life of 
rubber insulations became quite general. Other developments 
in the 1920’s were the use of purified rubber for compounds 
with low moisture absorption, the development of latex in- 
sulated wires, and the use of heat-resistant rubber compounds. 
At about the same time, ozone-resistant rubber compounds, 
the so-called oil base compound, which contain vulcanized 
oils and bitumens and which have been in limited use since 
the start of the century, were further developed and became 
generally used. The 1920’s and 1930’s have seen the develop- 
ment of rubber insulated wire constructions for special uses 
such as the flame-resistant building wires, nonmetallic 
sheathed cables for house wiring, flexible cords, service 
entrance cables, which eliminated the conduits from the 
side of buildings, x-ray cables, smal! ignition wires, etc. 
This incomplete list is an indication of the great multiplicity 
of rubber insulated cables. 

The first synthetic rubbers used commercially on wires 
and cables in the early 1930’s were the polysulfide rubbers 
(thiokol) and the polychloroprene rubber (neoprene). Both 
are comparatively poor as insulation but excellent as pro- 
tective jacket materials because of their oil, solvent, and 
acid resistance. The first serious challenge to the hegemony 
of the rubber cables in the low voltage field came from the 
plastic cable in 1938, utilizing plasticized vinyl resins. Until 
about 1938 all building wire was made with rubber insulation 
and. cotton braid, impregnated with flame-retardant  bi- 
tuminous compounds and a final coat of colored lacquer for 
circuit identification. In contrast, with the use of vinyl 
resins, it was possible to design a building wire which con- 
sisted of a single extruded layer of plastic insulation, in any 
color, with tough abrasion-resistant and flame-resistant cover- 
ing. At the start of World War II, plastic insulated building 
wires were already in use and during the war the vinyl 
plastics were utilized extensively for shipboard cables both 
as insulation and jacket material. The synthetic rubbers 
and plastics really came of age in World War II. Some of 
the synthetic rubbers are useful both as insulations and as 
jackets; others can only be used for protective jackets. 
GR-S replaced natural rubber during World War II in wires 
and cables. This replacement became permanent in most ap- 
plications. The special GR-S type manufactured to the 
specification of the wire and cable industry proved a very 
satisfactory rubber for insulation and also for jacket com- 
pounds. GR-S has better heat, oxidation, and weather re- 
sistance than natural rubber. Butyl rubber (GR-I), de- 
veloped originally for automobile tire tubes, has been used 
in recent years to some extent for the insulation and pro- 
tective jackets of cables. This material has good heat, ozone, 
and moisture resistance. Buna N cannot be used for insula- 
tion but has been used for oil-resistant jackets, and has also 
been proposed as a plasticizer for vinyl jackets. Silicone 
rubbers have been developed since 1945 for use at service 
temperatures up to 200°C. Their cost is still high and their 
physieal properties are still inferior to ordinary rubber com- 
pounds. 

In the plastic field, next to vinyls, polyethylene has perhaps 
the most interesting record so far. Polyethylene insulated 
cables have been in use since 1944, at first mostly for high 
frequency applications. The splendid electrical properties 
and excellent moisture resistance of polyethylene are some- 
what offset by its low melting point and poor resistance to 
point discharge where local overheating may occur. It has 
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not been used as yet to any great extent in power ej) 
For tough abrasion-resistant jackets on COMMUNI ation 
over polyethylene insulation, polyamides (nylon) haye bee 
used. Polystyrene, in the form of disks or Spirals, has be 
used as spacer material for high frequency couxial eaij. 
Some insulated wires and cables have already been fabrics 
with the fluorocarbons, particularly with polytetrafiys, 
ethylene (Teflon) and polymonochlor trifluoroethy lene (Ke 
and Fluorothene). These fluorocarbons are comparable ’ 
polyethylene in electrical properties; they are, in additis 
inert to all chemicals, have high softening points, and ' 
flame-resistant, but have low corona resistance. The }j 
price of these fluorocarbons combined with processing ned 
lems have prevented any widespread use of these materiy 
to date in the cable field. 

Rubber or plastic insulated cables are now in general y 
for power transmission up to 15 kv and in limited applic 
tions at higher voltages. Indeed; even in the early 2% 
century such cable was installed for use at 25 kv. During ¢} 
past decade, the use of shielding with conducting or sey 
conducting layers both over the conductors and over ¢ 
insulation became generally accepted. The temperature rang 
for rubber cables is up to 80°C, for silicone rubbers up t 
200°C, for vinyl plastic insulated cables up to 85°C, | 
specially compounded vinyls up to 105°C, and for the fluo: 
carbon cables up to 200°-250°C. 

Paper power cables and rubber cables are of dominatingliy 
importance in the cable industry. Thus, the changes in thei |n 
overshadow changes in other types. Nevertheless, the changalil\cu! 
in other cable types have also been noteworthy. 

Varnished cambric cables were first made in 1902. Ty 
varnished cloth is made by coating closely woven cotta 
fabric on both sides with a good grade of varnish. The proy 
ties of this type of cable represent somewhat of a compronis 
between the properties of paper and rubber cables. Like pay 
power cables, varnished cambric cables have high dielectry 
strength and good ozone resistance, but unlike paper cable T 
they may be used without lead sheath where installation i 
in relatively dry locations. Varnished cambric cables are als 
easier to install than paper cables. The flexibility of thy 
cable depends on the free sliding of the layers of varnishel 
cambrie tapes. The trouble due to the sticking of the layes 
was overcome by improved varnish materials around 112 
Since then the quality of the varnished cloth has been cu 
tinuously improved. These cables too have been used ¢ 
tensively for shipboard cables during World War II. TM 
temperature limit for varnished cambric cable is 85°C. 5i 
cone and even fluorocarbon-coated glass tapes are now ava 
able but have not been used except on experimental cab 
construction. The cost of these tapes is rather high. 

Weatherproof wires for overhead distribution have bea 
made for many years with asphalt-impregnated textile cove 
ings over the conductor. In 1932 the URC type (Utilities 2 
search Commission) was developed. The main feature of ths 
type was the improved weather resistant asphalts used 
and over the textile coverings. After World War L, we 
with extruded neoprene or polyethylene coverings, instea( 
the textile-asphalt coverings, were introduced. 

In paper telephone cables, the most spectacular of fa" 
recent development has been the attempt to replace le! 
which is both expensive and in short supply, with anotlt 
sheath material. A corrugated aluminum tape sealed with! 
polybutene base cement and covered with extruded p 
ethylene, has now been in use for several years as a js¢ 
over paper insulated telephone cables. There were some inl 
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be ylties \ ith the new jacket due to environmental crack- 
bof the polyethylene. These have now been corrected. 
‘wever, this combination jacket has not been in use long 
ough to permit a final evaluation. Other changes on 
phone cables have been primarily in the use of smaller 
aductors and in the increase of number of pairs in the 
ble all of which were brought about by equipment develop- 


nt. 
Magnet wire up to 1900 was insulated only with cotton, 
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1 Addition flier, or silk. The big change came about 1900 when enamel 
S, and glibre was first made by applying a varnish in the form of a 
The hig, film to copper wire. Enamel wire, due to its excellent 
SING prollbsce factor and good electrical properties, became used 
* Materigillifore and more until, with the development of the radio 

dustry around the middle 20’s, enamel wire production 
eneral iallllereased tremendously. The next forward step came in the 
«1 applicalmmiddie 30’s when synthetic wire enamels, particularly vinyl 
early 2(hfMMetalphenolic resin base, also polyamid base, were developed 
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improve on the abrasion, and heat- and solvent-resistance 
the original conventional oleoresinous enamel wire. It is of 
terest to note here that these developments were primarily 


ture rangi {qcilitate fabrication (coil winding and varnish treatment) 


ers up lBther than to improve the electrical properties of the enamel 
85°C, jm. In recent years polyester base enamels joined the avail- 
the fluor le synthetic wire enamels. High-heat-resistant enamel 
re is now made on a limited scale with fluorocarbon (Teflon) 
lominatingimspersion with and without an inorganic undercoat. 


eS in them In addition to the cotton and silk, asbestos and paper 
re changelmmculated magnet wires have been manufactured since the 
20's. Paper magnet wires with bare copper or enamel wire 
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base have excellent space factor and good abrasion resistance. 
Glass yarn insulated magnet wire with varnish impregnation 
has been made since 1936 and for higher temperatures silicone 
varnish impregnated glass magnet wire has been available 
since 1946. 

Asbestos fixture and stove wires with carded asbestos fibers 
or wrapped asbestos roving, both types impregnated with 
flame- and moisture-resistant compounds, have been manu- 
factured since about 1930. Braided asbestos cables have been 
used in dry locations at temperatures up to 200°C. More 
recently all mineral insulated wires and cables have been 
introduced for continuous service up to 250°C. This cable 
has a magnesia insulation and a copper or other metallic 
sheath. The magnesium oxide insulation being completely 
inert cannot be ignited, sustain combustion, or convey fire 
from one location to another. 

This review of the improvements of electrical cables by the 
use of new materials and changes in design indicates that 
steady progress has been made since 1900 in the direction of 
increasing the expected life of cables and at the same time 
improving their operating efficiency. Increased resistance to 
heat has been one of the primary objectives because it provides 
the basis for obtaining improvement of both of these factors 
by decreasing the rate of chemical deterioration and also 
permitting heavier load conditions. The ideal all-purpose 
cable insulation is not yet available. It probably will be 
necessary, for many years to come, to use a variety of ma- 
terials to obtain the variety of characteristics for the many 
service conditions under which cables are expected to operate 
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a - Three classes of insulation materials have been available to 
allation 


be electrical industry since its beginning: an inorganic group 
mposed of slate, mica, glass, and ceramics; an organic 
oup consisting of amber, waxes, tars, raw rubber, and 
tches; and a modified organic group of animal or vegetable 
ers, wood, and paper. 
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und 195 \aterials in the first class are extremely hard to fabricate 

been oi, intricate shapes, and they are also quite brittle; however, 

| used ¢ ey have the ability to withstand high temperatures. The 

Sum eo her two groups, organic by nature, have the following dis- 

35°C. 8 ivantages: flammability, limited resistance to heat, brittle- 

ss, low tensile strength, inflexibilicv, high water absorption, 
al cabi 


il rather poor electrical properties. 

The electrical industry, with its increasing demand for 
wily fabricated materials which have outstanding electrical 
roperties, called in the research chemist. His answer to the 
roblems was modification of the natural products, and 
lanufacture of synthetic organic materials from the element 
thon, whieh, due to its active properties, permits the 
uilding up of an infinite variety of chemical compounds 
wving highly varied properties. The name “plastics” has 
en applied to many of these products. The term “‘plastic”’ 
rather difficult to define, but usually is applied to a group 
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: , i materials, which, although stable in use at ordinary tem- 

= ratures, are fluid at some stage in their manufacture, and 
* in be shaped by the application of heat and pressure. 

goo electrical insulator should possess the following 
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ye initia Nave! Ordnance Plant, Indianapolis, Indiana. 


properties: (1) Excellent insulating properties, (2) low water 
absorption, (3) nonflammability, (4) high heat distortion 
temperature, (5) high tensile strength, (6) good chemical 
resistance, (7) good dimensional stability, and (8) good 
fabrication properties. 

Compounds containing only carbon and hydrogen have 
good electrical properties but are poor in regard to flam- 
mability, heat distortion, solvent resistance, and strength. 
The addition of polar groups, such as chlorine, hydroxyl, 
oxygen, and nitrogen, improves mechanical properties. Phys- 
ical properties, such as crystallinity and cross linking, can 
also be employed. The best products are obtained by a 
compromise between electrical and mechanical properties. 

The first plastic was a derivative of cellulose nitrate, but 
its advantages of solubility and ease of fabrication were 
completely offset by its high flammability. Other cellulose 
derivatives followed, among them cellulose acetate, cellulose 
acetate butyrate, and ethyl cellulose. The announcement by 
Baekeland in 1909 that the condensation product of phenol 
and formaldehyde would produce a moldable thermosetting 
resin gave the electrical industry products of great im- 
portance. Further research developed processes wherein the 
resin could be incorporated with many fillers, such as wood 
flour, cotton floc, rags, mica, slate, clay, asbestos, and glass, 
and also showed that these compounds could be molded by 
heat and pressure. Electrical properties were superior to the 
pure resin, and higher temperature limits were possible by 
the proper choice of fillers. 
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Later, the impregnation of paper, linen, cotton, nylon, 
asbestos, and glass fiber with phenolic resin produced a wide 
variety of high strength laminates, which were very useful 
because of their ease of fabrication. Introduction of melamine 
resins, followed by the recent silicone resins, produced 
laminates with high are resistance and low flammability. 
These laminates have great strength, especially those with 
glass fiber fillers. Development of the polyester resins made 
possible low pressure laminates, which can be produced in 
intricate shapes with very low mold pressure. 

Wax is a good electrical insulating material, but for a long 
time its low mechanical strength and flexibility confined its 
use to impregnation of electrical insulation. Attempts to 
improve its properties led to the production of the vinyl 
compounds: vinyl chloride, vinyl acetate, and vinylidene 
chloride. The discovery of a method for polymerizing ethylene 
gave another compound for extrusion on wire in the same 
manner as some vinyl type compounds. For greater heat 
resistance, fluorine was substituted for hydrogen in ethylene, 
resulting in tetrafluorethylene, commercially known as 
“Teflon.”” These compounds failed to produce the properties 
desired for magnet wire insulation. Modification of polyvinyl 
acetate produced polyvinyl formal, which has good abrasion 
resistance and film strength. This compound is extremely 
useful for magnet wire insulation. 

A whole host of rubber substitutes, neoprene, the Buna N 
and Buna 8 compounds, butyl and thiokol rubber, and the 
silicone rubbers, have been developed as a result of the 


In 1928, the vinyl resins began to appear on the market. 
Their versatility has resulted in a steady increase in pro- 
duction to reach an estimated 400 million pounds in 1951. Of 
this 400 million pounds of resin produced, a substantial 
quantity is being processed into viny! insulation as extruded 
wire covering or calendered film for pressure sensitive or 
harness wrapping tapes. 

Viny! derivatives are basically those produced by the substi- 
tution of one of the hydrogens in ethylene by some other 
group. Thus, the vinyl radical is CH. = CH—. When a 
chlorine group replaces the hydrogen, the basic compound 
becomes vinyl chloride; analogously, the compound con- 
taining an acetyl group is vinyl acetate. When either of these 
basic compounds are polymerized alone or in combinations, 
the resulting resinous material is polyvinyl chloride, poly- 
vinyl acetate, or a copolymer of polyvinyl chloride and 
acetate. There are numerous other substitutions and combina- 
tions possible, but for purposes of simplicity only, the poly- 
vinyl! chloride and polyvinyl chloride acetate copolymer will 
be considered. 

A short time after the vinyl resins appeared on the market, 
the insulation chemist found that the hard horny thermo- 
plastic polyvinyl resins had good electrical properties, but, 
as is so often the case, their physical and chemical properties 
would not permit their application without modification. 
This modification required that the resin be compounded 
with plasticizers, stabilizers, and fillers to give the desired 
physical and chemical properties to permit processing. In 
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limited supply of raw rubber. Each of these cor pounds | 
some useful and outstanding property which tio elec, 
industry has used. Many miles of wire are covi-red }y ,, 
trusion of rubber coats for protective coverings. 

Attempts to improve amber led to the diseoviry of bo 
styrene, a material characterized by its exceptional dieled 
properties, low water absorption, good dimensiona| stabjjj 
and high optical clarity. However, a heat distortion temper 
ture of 82°C and low impact strength have limited jts , 
fulness in many electrical applications. The introductioy 
chlorine into the polystrene molecule forms a product kyo 
as “polydichlorostyrene,” a compound of low flammabilit 

Another important class of organic insulator materis 
includes the natural fibers, cotton and silk. To improve thy 
properties, the chemist has produced many synthetic fihe. 
among them are the rayons, acetates, nylon, saran, or\ 
and dacron, each of which has outstanding advantages {oy |) 
electrical industry. 

The advent of electronic equipment and higher operat 
temperatures has called for a group of resins to improve tly 
properties of the tars, pitches, and waxes. This grow 
resins, called “casting resins” or ‘“‘potting compounds,” 
cludes the polyesters, the epoxy compounds, and the po 
urethanes, each of which has electrical uses. 

This article does not mention all of the plastic compow 
available, nor many of the remarkable accomplishment: 
this new field which promise valuable developments in tly 
future. 


compounding polyvinyl chloride and copolymers of polyvi 
chloride acetate, a careful choice of plasticizers, stabilizes 
and fillers must be made in order that electrical propertie 
are maintained. The plasticizers used are combinations 
high boiling organic and inorganic esters chosen for ther 
electrical stability and permanence in the compound. Sint 
the compound will be subjected to high temperatures dun 
processing and application, the resin must be stabilix 
against heat decomposition. This occurs when hydrog 
chloride splits off the resin molecule. To stabilize the co 

pound, it is necessary to add a hydrogen chloride accept 
which is chemically stable after having reacted with hydrog 
chloride. Fine particle size inert fillers, usually clays, 4 
added to the compound to give toughness, lower pound cos 
and as a processing aid. The filler is chesen which adds tlt 
most to the compound with a minimum of degradation 

electrical properties. 

Vinyl! insulation is presented to the trade in two genen 
forms, that applied to wire by an extrusion process, of 
tape form for use as pressure sensitive tape or hare 
wrapping tape. Some polyviny! paste resins have been appt 
as potting compounds, but this usage has been small. Th 
Underwriters’ Laboratories have approved vinyl insulate 
wire for 60°C, types T and TW, and oil resistant, 80°C, type 
T and TW, radio hookup wire and oil resistant at 60°C, 
90°C and 105°C for radio hookup wire applications. 

The first step in the preparation of compound for extrus! 
or calendering consists of loading the material components 
a ribbon blender or double-arm mixer. These componet 
include resin, plasticizer, stabilizer, filler, color, and lubrical" 
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vor a mixing eyele, the blended material is emptied from 
» mixer into a standard material drum which is conveyed to 
» loading platform of a banbury mixer, or an extrusion 
mpounder. In either case, the pre-blend is fluxed into a 
.tie mass and thoroughly mixed to assure complete dis- 
= of the dry ingredients and complete solvation of the 
.ticizers. If a banbury has been used, the fused plastic 
<< is dropped onto a heated two-roll plastic mill. The 
stic is stripped from the mill in the form of a ribbon and 
| to a dice cubing device which cuts the ribbon into § in. 
ibical pellets. The compounder-extruder is equipped with a 
itihole rod die and hence produces rods ¢ in. in diameter. 
he rods after cooling are fed to a high speed pelletizer where 
ey are chopped into approximately 4 in. lengths. 

The prepared pellets of either type are fed to a crosshead 
struder designed for the application of vinyl compound to 
ve. The extruder may be electrically or steam heated and 
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have a delivery rate of 100 to 400 pounds of plastic stock per 
hour. 

In the calendering operation, the pelletizing step is omitted 
and the strip from the two-roll plastie mill is fed to a four- 
roll plastic calender which forms the plastic mass into a 
sheet. Calendered sheets may range from .003 in. to .020 in. 
in thickness, and from 54 in. to 72 in. in width. This sheeting 
is wound into jumbo rolls preparatory to the application of 
& pressure sensitive adhesive and slitting to desired widths. 

Several large manufacturers of insulated wire are now using 
dry powder blends in their extrusion process, thus elimi- 
nating the compounding and pelletizing steps. 

Viny! insulation is rapidly growing into one of the major 
consumers of vinyl resin and will be of greater importance 
in the insulation field as soon as use in heavier wire applica- 
tions is approved. 


Developments in the Mica Industry 


Moses D. Heyman* 


Manufacturers of mica insulation are divided into two 
ssifications, namely, block mica processors and built-up 
nica fabricators. 

So dissimilar are these two branches of the industry that a 
m engaging in one does not engage in the other, or if they 
), the departments are kept separate. 


Block Mica 


Processing block mica involves splitting, cutting, or stamp- 
ng pieces from a solid sheet or block of natural mica. There 
ve in the United States approximately twelve concerns 
ngaged exclusively in this business, some employing several 
indred people. One concern manufacturing radio tube sup- 


Dorts uses over 100 power presses in its daily production. 


Up to the last quarter of the 19th century, block mica in 

his country and abroad was used mainly as stove windows. 
ollowing the invention of the phonograph and until 1922, 
he diaphragm and stove were its two most important uses 
n nonelectrical fields. 

The employment of block mica in the electrical industry 

as resulted in a thriving business. When Edison produced 

is d-e motors and generators, he used Canadian phlogopite 

fuica to separate the commutator segments, the pieces being 
hand cut from large sheets of block mica. Prior to 1920, 
ondensers were made in fairly large sizes for wireless ap- 
paratus, and most of the good quality mica, aside from 
diaphragms, was used in the manufacture of condensers for 
magnetos. There are several concerns in the United States 
today normally using 100,000 lb or more of condenser split- 
tings annually, 

The electron tube was a great boon to the mica industry 
because it enabled the smaller sizes to be utilized. Radio tube 
‘upports are sometimes only } in. in diameter, which enables 
nearly all sizes to be used. 

About 300,000 lb of mica are used monthly for this purpose. 
Aside from condensers, most of the electrical mica consists 
Ol stained or partly stained material. Nearly all of this in 
‘ze #' is used for radio tube supports or washers. It is 


*Intvgrated Mica Corporation, 202 Franklin Place, Wood- 
mere, New York. 


uneconomical to use a piece of mica that is smaller than one 
from which a j-in. disk can be cut. 

Inasmuch as the percentage of mica over four square 
inches is less than five per cent of an average mine’s pro- 
duction, it does not pay North Carolina and New Hampshire 
producers to operate a mica mining industry for such sizes 
only. Much of the production is mined by farmers in their 
spare time. Although there were many sporadic attempts to 
operate mica mines as a separate business, only a few of 
these were successful. The result is that recourse is made 
mainly to India, which has both of the indispensable qualifi- 
cations for a mica industry, i.e., a substantial supply of the 
raw material, and a large amount of cheap labor. : 

The last fifty years has seen a fairly steady rise in the cost 
of all products. The price of mica up to the last seven years, 
however, has remained fairly constant. This was made 
possible by the following factors: 

1. A large amount of small mica could be utilized as 
punchings for small parts. 

2. The growth of the electrical industry made it possible 
for many of the smaller sizes and cheaper qualities to be 
sold at a profit. 

3. The development of the splittings industry in India 
made possible built-up mica plate. 

4. The extensive use of mica powder enabled a better 
price to be paid for scrap that previously could not be shipped 
profitably. 

In 1938 the Army and Navy Munitions Board classified 
certain raw materials as “strategic.’”” Mica was the only 
nonmetallic mineral that was given this designation. During 
World War II, the situation became extremely critical and 
even dangerous, so much so that the mica business was 
taken completely under the control of the Government, and 
a group of planes shuttled mica steadily from India to this 
country. 

Further efforts were made to develop the mica mining 
industry in America; in fact, at one time a flat price of $6 
per lb was paid by the Government purchasing agency for 
mica that previously could have been obtained for 30 cents, 
but even this failed to bring in a sufficient supply of material. 
A research program started with Government funds showed 
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that unwarranted prejudice against certain types of mica, 
particularly in the field of films, existed. 


Built-up 

In 1892, C. W. Jefferson and A. 8S. Dyer made the first 
built-up mica plate by splitting cnen pieces of block mica and 
pasting them together with shellac. That same year a patent 
was granted to them, whereupon Mr. Jefferson left the 
Edison Company where he was employed, and together with 
others, began the manufacture of built-up mica products 

Today 85 per cent of all the mica manufactured in this 
country is made in this manner. It immediately gave rise to 
a complete new industry in India, the making of mica split- 
tings, that employs over 70,000 people. 

During 1950 the amount of splittings imported from 
India amounted to 22 million pounds, having a value of 
about $18,000,000. This was ten times the volume and five 
times the value of all block mica. However, nearly half of 
this went into the Government stockpile. 

Improvements in built-up mica have been along two 
lines: 

First, in manufacturing techniques, the most important 
was in the development of an automatic machine for lifting 
the mica flakes by vacuum and laying splittings down 
mechanically. This reduced the hand labor greatly. 

Second, in materials engineering, the use of backing ma- 
terials, such as paper, fiberglas, and various plastic sheets 
made it possible to produce flexible tapes for wrapping around 
coils. In this respect, a great improvement occurred in the 
types of adhesive used. While originally all the splittings 
were pasted with shellac or copal varnish, numerous synthetic 
resins are now in use, such as asphaltic compounds, silicone 
resins, and phenolics. However, the ones that seem to hold 
the greatest amount of promise are the solventless resins. 

The manufacture of mica tapes and flexible sheets requires 
large size splittings and these are entirely made by hand, 
usipg female labor almost exclusively. The splittings them- 
selves sell for as high as $6 per lb, with the result that micas 
of this type are very expensive. Such mica insulations come 
under “Class H” and up to the present time there are few 
substitutes. The situation is not a healthy one. 

It must be considered that our huge electrical industry is 
entirely dependent upon India for its supplies of splittings. 
Prices are increasing steadily, and what is worse, the quality 
is getting poorer. As standards of living rise in India, the 
cost mounts, and the question arises whether India will not 
price itself out of the market. However, so far, that country 
has been able to sell all that it can produce, and buyers are 
apparently willing or must pay the increases. The number of 
importers compared with fabricators is out of all proportion 
to that existing with other raw materials. For example, there 
are practically as many importers as there are fabricators. 
Many of the latter do not import at all, but buy all of their 
stocks in this country from importers who are willing to take 
the attendant risks. Likewise, the lack of research and the 
paucity of new developments in this field are leaving it open 
to substitutes. Such attempts have been going on for nearly 
a century. 


Integrated Mica 
In 1940 the writer began to make a systematic study of the 
nascent forces holding the flakes of mica together to determine 
under what conditions the latter could be caused to recohere. 
This was followed by the development of different types of 
machinery and finally resulted in the production of a new 
material which is called integrated mica. The basis of this 
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lies in the fact that if pieces of mica are split apart, they 
recohere. However, the question of splitting t)em into 

tremely thin flakes (most of which are less than ‘our py, 
thick) without marring the surfaces was difficult. [p 1949 4 
first disintegrator was built and worked SUC cessfully 
report was made to the National Academy of Sciences 

August 1943 and the first patent was issued three su 
later. However, the development of a complete automatics) 
operated plant for producing integrated mica in continys 
lengths took nearly six years longer. 

Integrated mica is the only one of several materials poco 
developed that is really pure mica. It is likewise the , 
one that so far lends itself to being manufactured { 
ordinary mine scrap. It is made in either muscovite 
phlogopite, and as it comes out of the sheeting machine } 
in the form of a sheet that can be made from .001-in ; 
}-in. thick without laminating. In the pilot plant the shee 
12 in. wide and lengths of several hundred feet are yea 
made. The only products entering into its manufacture y 
ordinary mica scrap, (free from stones and dirt) and wat 
No adhesive is added into the product. Its dielectric constyy 
approaches that of mica and its power factor is only sligh 
higher than that of standard good-stained mica. Thus it 
suitable for certain types of condensers. The average dielect; 
strength of this material is about 400 volts per mil, A. (| 
cycles, but this can readily be raised to 1000 volts per mi [ 
suitable impregnation. 

Integrated mica is highly hygroscopic and lends itsel ‘ 
impregnation with numerous resins. In an experimental y 
it is already being used for radio tube supports, capacitor 
and general electrical insulation. So far there have been : 
uses of built-up mica which integrated mica has not be@ify) 
able to fill, and it undoubtedly will replace a large proporti 
of block mica now imported or mined in this country. 


Samica 


Samica is a trade name for a material that was develops 
in France. It consists of mica which has been dehydrated 
heating it up to approximately 800°C and then beating it y 
in caustic while hydrochloric acid is added. The resulta 
combination liberates CO. and produces sodium chloride i 
the water. The former, with its bubbling action, helps t 
exfoliated mica to fall apart. After several washings, t 
material is run on a Fourdrinier paper machine and is for 
in a sheet. About one per cent melamine resin is added tot 
mica pulp before rolling in order to keep it together. (0 
plete technical data on this product has not been available 
Due to the action of the hydrochloric acid on biotite a 
phlogopite, Samica can only be made in muscovite. ln! 
splittings or so-called factory scrap are the raw materi 
used. The maximum thickness at one rolling is about fou 
mils, but the mica can be built up to any suitable thickne 
by cementing these thin sheets together. This material | 
been used in Europe and a factory is being built to produce! 
in this country. 


Micamat 


This is a product that has been developed by the Genet 
Electric Company, which is building a plant to produce !t! 
Coshocton, Ohio. It is primarily designed to act as a surfaciid 
material for use in mica tapes or built-up micas. Very litt 
technical information on this is available except for the /s* 
that it is much like Samica. Its texture, however, appeal! 
be finer. Its limitations apparently are the same as those 
Samica. 
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Feature Section 


The Electrochemical Society Past and Future 


Presidential Address* 
Ralph M. Hunter 


We have already had sufficient of the past and the present 
to convince ourselves that the event which we are celebrating, 
was an important occasion. It is probable that none of the 
men present 50 years ago had any concept of its importance. 
Probably few of them realized that the Society which they 
were founding would continue for 50 years; further, few of 
them realized that the industries which they were establishing 
would continue to grow to the extent they have. 

I feel duty bound to attempt to evaluate that first event, 
the present, and, I suppose, the future for the next 50 years. 

The one difficulty with contemplation of the glories of the 
past is that we are appalled by the job before us if we even 
presume to continue the expansion which we have experi- 
enced. Certainly the founders were not appalled by the future. 
They were merely living and forging the tools which would 
enable them to live and to grow. Therefore, I would like to 
ecreate, if I may, what were probably their thoughts and 
leals 50 years ago and how they expressed them in their 
laily lives. 

Many of my predecessors have referred with considerable 
profit to the messages of the Past Presidents. I do not intend 
to do this because it has already been well done, and because 
when most of them attained the presidency they had already 
whieved success and were looking back upon the significance 
of the Society to them, and thereby evaluated its contribu- 
tion. Let us try tonight to consider what they did in the 
Society, with the Society, and for it, before they had attained 
their successes in it and in industry. In other words, how did 
they use this instrument which was forged 50 years ago, 
ind in what way did this instrument contribute to their 
success 

It was an illustrious group. The charter membership list 
of this Society in 1902 is practically a Who’s Who in the 
electrochemical and inorganic chemical industries in the 
United States; but most of them were unknown when they 
gathered together at 1409 Walnut Street, on April 3rd, at 
5:00 p.w.; and remember that in addition to those whose 
hames are on all our tongues, there are some whose names 
are not remembered for the success which they achieved. 

On an early spring morning in 1902—if not the day of the 
founding, very close to it—I, your 49th President, was 
beginning my education in an experimental kindergarten 
about 2 miles from here, and I was expressing my fear of a 
spring ‘thunderstorm, and disrupting the class by loud bawls 
every (ime the lightning flashed. It would be interesting to 


* De!' vered at the Philadelphia Meeting, May 6, 1952. 


contemplate what would have happened if the teacher of that 
kindergarten class had called that charter gathering and in- 
formed them that here in the city where Ben Franklin had 
brought electricity to earth and defined its nature, the 49th 
President was disrupting kindergarten by his fear of elec- 
tricity. If her call had been answered by a young man from 
Midland, Michigan, I can well imagine that he would have 
said: “Well, I am not particularly interested in what will be 
happening 50 years from now, because I am having consider- 
able difficulty in satisfying my directors on what will be 
happening to me 3 years from now. Tell the youngster to 
learn what Ben Franklin and others have said about lightning 
and electricity; and, if he is able to continue, Professor 
Smith, of Case, has been discussing with Professors Burgess, 
Bancroft, and Richards what they believe should be taught 
about chemistry and electricity. If I am still in business after 
that youngster takes one of those courses, maybe I can give 
him a job. In the meantime I am trying to interest these 
young men here in a zine-bromide battery somewhat similar 
to the Daniel Cell which I believe will revolutionize the 
battery industry; although yesterday several of them told 
me it had been patented by someone else ten years ago. By 
the way, you might mention to the youngster that Ben 
Franklin expressed some pretty good ideas on economics 
which will probably be as true 50 years from now as they are 
today.” 

If Charter Member H. H. Dow had depended upon his 
zinc-bromide battery alone for success, the youngster would 
not have been given a job. 

Charles Acker described his plant at that first meeting. 
He produced 99.5 per cent NaOH, at 8,000 amperes and 7 
volts, and current density of 19 ampere per in?. This was 
one of the finest processes ever devised. Every young chemist 
should read Acker’s paper of 1902. He was operating 45 
furnaces on a molten salt cycle and claimed to have been 
continuously on the line from December 1900 to April 1902. 
His description of the method of starting is a masterpiece 
of simplicity. Truly he was years ahead of his time. 

The first Secretary of the Society, C. J. Reed, was granted 
between 1902 and 1906 a group of patents on the mercury 
alkali chlorine cell, in which he, to a considerable extent, 
anticipated the development successfully accomplished after 
40 years in the German cell. 

Fortunately, many others, blessed with better timing, 
succeeded. Dow, Burgess, Becket, Whitney, Hall, Weston, and 
Acheson—each made his success in industry; Bancroft, 
Kahlenberg, Miller, Smith, and Richards in the academic 
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field; Hering, Fitzgerald, and Addicks in the consulting 
field. 

Chapter 10 in the “Life of Charles Burgess” (published in 
1951) is labeled “Burgess and The American Electrochemical 
Society.” It is a Presidential Address in itself. In it he recalled 
his meeting with Addicks, the many interests they had in 
common, and the friendship which grew out of it. The closing 
comment by Burgess, taken from his notebook many years 
later, must be quoted: 

“T have a love for that Society. ...I owe much to it, for 
it was a source of inspiration. 

“T believe any young man ambitious to make a position for 
himself can do well to identify himself actively and con- 
sistently with a national organization bearing on his line of 
interest.” 

In their relationship with the Society these men were un- 
consciously creating one of the greatest tools which all of them 
used in their future scientific relations. As Burgess said, it was 
a source of inspiration to them, a group to which they could 
come for the exchange of ideas, and its membership was to 
them a reference book which they used in the solving of their 
many problems. 

For 12 years I had the pleasure of working under Herbert 
H. Dow, and let me say that if one worked in the electro- 
chemical division of The Dow Chemical Company in those 
days, one saw a great deal of the boss and heard a lot of 
electrochemistry. One also got a goodly measure of Dow’s 
interpretation of Ben Franklin’s philosophy on thrift and 
economics. During that time it is understandable that my 
contacts with other men in the industry were very few, 
primarily because we led an isolated life and I was a beginner 
in the company; but early in those years I was encouraged to 
join the Society and encouraged to attend its meetings. I 
know Dr. Dow valued it because on several occasions I have 
heard him, in discussing a certain research problem, say that 
the next time he saw Burgess he would ask him about it. 

In advising me on graphite, he told me that he and Acheson 
had come to the conclusion that fine grinding was of great 
merit; Acheson had made a batch of graphite for him of which 
the raw material was procured by collecting the dust off the 
rafters in Acheson’s petroleum coke grinding shed; they both 
agreed that it was the best graphite that Acheson had made, 
and that Dow had used. 

In 1929 the Aluminum Company of America had reason 

to question the economic value of the Dow Magnesium 
Process and was tempted to use the German process com- 
petitively. It was interesting to note that Dr. Dow immedi- 
ately thought of The Electrochemical Society and suggested 
that it would be agreeable to him to have Past President 
Fitzgerald evaluate both processes and that he (Dow) would 
be willing to stand by Fitzgerald’s conclusions. During the 
years of their aequaintanceship in the Society he attained a 
great regard for Fitzgerald’s integrity and economic astute- 
ness. 
The story of Acheson’s life and his establishment of the 
Acheson Medal Fund, and the reading of the terms of the 
Weston Endowment for the Weston Fellowship bespeaks 
eloquently of the high regard in which these men held the 
Society, and their hopes that it would continue to serve future 
generations of electrochemists. 

As so frequently happens in any group of aggressive in- 
dividuals, time forces peculiar alignments. In a grim test of 
friendship in 1920 an interesting example occurred in which 
Past President Burgess found himself employed as an expert 
for a company against whom his friend, H. H. Dow, had 


JOURNAL OF THE ELECTROCHEMICAL SOCIETY 


Tuly 1994 


brought suit for infringement. During my assoc tions yg 
the founder of our company, I had heard on seve; .:| OCcasions 
references to this suit and to Dr. Burgess’ partici) ation jy ; 

It is indeed gratifying to read 30 years later |)y. Burges 
account of the incident. Both men preserved the highest » 
gard for the other’s scientific honesty and sense o{ fair pla 
It had no effect upon their friendship. This is an example 
the type of professional relationship which the Society shou 
endeavor to foster, and which should be the goal of all of yy 

To those who may say that we are speaking of the gignts 
of the men who were fortunate to live in the early days of this 
pioneer industry, let me give an example from my own « 
perience. 

In the early 1930’s we were making strenuous efforts ; 
redesign our magnesium cell to a reasonable size. One of tly 
most difficult problems was a refractory which would stan 
chlorine and magnesium at the bath level at a temperatun 
of 700°C. My Charter Member college professor, Alber 
Smith, of Case Institute, years before had impressed Upor 
me the desirability of a cast-fused refractory for such difficy 
places and for sometime I had been trying to interest oy 
members, who were connected with several refractory comp 
nies, in the problem. The Society met in Washington, D. ( 
in 1935, and one of the trips was to the Naval Academy « 
Annapolis, where the sightseers might visit the tomb of Joly 
Paul Jones, founder of the American Navy. I shall always 
remember this spot, not because of the Navy, but becaus 
between the gate of the Academy and the tomb of John Pay 
Jones, I was able to convince one of our members that we had 
a worthwhile problem. I know that I was successful, because» 
few weeks later Dr. Benner came to see us. On the oceasion o/ 
his visit he made the optimistic remark that their compar 
could cast anything that they could melt. They did. T 
that incident, I attribute a great deal of our success i 
supplying magnesium during the years 1941-45 to the « 
cellent material which we were able to purchase from then 

And so, down through the years, to various people this 
Society has meaut various things. We have grown in number 
and yet we have remained a somewhat specialized grow, 
Some sections of industry, wishing to become more specialize! 
have taken their specialization into new societies, but th 
interchange of the theoretical basic information has remaine 
here, where it belongs. As the years have passed and as nev 
uses of electricity to carry out or further chemical reaction 
have developed, this Society has adopted and encouraged 
these steps of progress. 

Throughout these experiences, however, the objectives hav' 
not changed, nor will they change in the next 50 years. Thi 
exchange of information for the purpose of improving thi 
theory, the engineering, and the production of electrochemic 
products, and the discovery of new products and new process 
—these have been and shall be our goals. 

It is the unique duty of the President at a significa! 
anniversary to look into the future. It is unfortunate tli! 
your 49th Anniversary President is lacking in the ability t 
see far beyond the confines of earth and predict the gram 
scale which lies ahead. Possibly this is the effect of my ea! 
industrial training under H. H. Dow, who was always ! 
terested in the 5 years required from inception to productio 
and the 3 to 5 additional years which were required for profit 
I suspect he knew that the tax collector would take care of th 
years beyond. Therefore, it may be necessary for you to Wi" 
for your 75th Anniversary President to obtain the long-rane 
planning. However, I do believe that the future should 
interesting. 
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Fifty years ago C ‘harles Hall could have told you that he 

cas producing about 7 tons of aluminum per day and it re- 

ied the large sum of 6000 kilowatts. Probably no one in 
she secretive chlorine industry knew the total production, 
hut it was in the neighborhood of 15 tons of chlorine per day, 
nd required about 1500 kw. The combined requirements of 
these two industries were about 7500 kw. 

surely Charles Hall would have hesitated to predict that 
»xlav the present aluminum production of the United States 
vould require about 2,500,000 kw installed; and certainly 
none of the chlorine people would have foreseen that the 
«me immediate plans call for 1,000,000 kw. 

Now to use a familiar yardstick, the present capacity of all 
yower stations in Niagara Falls, New York, is slightly under 
ne-half million kw, or,-if you wish to think of Bonneville 
Dam, it is also one-half million kw. Therefore, chlorine re- 
wires 2 Niagaras, and aluminum requires 5 Niagaras. But, 
shat will happen if both of these products continue to grow 
juring the next 50 years as they have in the last 50 years. 
Of course, anyone can predict that the power requirement 
will be large, and it will be. 

If this growth should continue, chlorine will require 215 
times as much power as it does today, or 430 Niagaras or 
Bonnevilles; and aluminum will require just slightly more. 
In other words these two industries will require one-half 
billion kw installed, or roughly 1,000 Niagara Falls. Would 
iny one of you eare to convert this to tons of coal per year? 

Although there has been no indication of it in their past 
growth, I for one will predict now that this will not happen. 
The growth will indeed be tremendous, but not in these pro- 
portions. History shows that all industries tend to level out 
is they grow older, and, while each of these industries ap- 
parently shows no signs of having reached maturity, they 
indoubtedly will. 

There are several reasons why such power demands will not 
materialize. In the first place, we will do our part to improve 
the efficiency of the several processes, and this will probably 
account for a considerable savings; but even more important 
will be the effect of substitutes, or even better products, to 
accomplish the same purposes with less expenditure of labor, 
equipment, and power. And this substitution and this im- 
provement—and these new processes and products—are two 
reasons why the future for The Electrochemical Society 
should be bright. For those of you who are interested in power 
and its production, the mere thought of a fraction of the 
juantities I have mentioned indicates the importance of 
efficient power produced from any source, be it coal, gas, 
fission, or the sun. 

There is still much to be done from the theoretical side. 
In his editorial published in the February issue of the Jour- 
NAL, Dr. Harold Read makes the following statement: 
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“When one tries to describe how an ion is transferred from 
the plating bath to the lattice structure of the cathode one 
can speak only in the most general terms—terms which 
in no way give a clear picture of what is actually happening.”’ 

And, in the same issue, Past President Blum states: 
‘... It may be safely stated that there is today no theory of 
the mechanism of electrodeposits that will even approximately 
explain existing knowledge.” 

Both of these comments are of interest to me, since I have 
discussed with several of the Sections the difficulties which 
we have in our attempts to study and explain the various 
reactions, ion speed, transfer number, and other phenomena 
peculiar to the diaphragms of the alkali chlorine cell. 

In the Perkin Medal Address earlier this year, Past 
President R. M. Burns cites a beautiful example of one of the 
reasons why I do not believe that 50 years from now we will 
require 430 Niagara Falls’ hydro plants to produce chlorine. 
Dr. Burns predicts a revolution in the electronics industry as 
a result of the developments of germanium, and quotes the 
tremendous reduction in size and power requirements for the 
transistor when it replaces the vacuum tube. 

No, I do not dare to predict the exact future of power, 
chlorine, aluminum, or the electronics industry; but I do 
predict that chemistry, electricity, and engineering, if per- 
mitted to flourish in the American way, will produce enough 
power, enough chlorine, enough aluminum, and germanium— 
and a multitude of now unknown new materials and processes 
through industrial evolution—to satisfy and implement a 
growth of the same type as that of the past fifty years. 

During the next 50 years, those of you who follow Richards, 
Burgess, Fink, Bancroft, and Smith will be called upon to 
educate the future members of our Society—our scientific 
posterity. You will also be called upon, and I suspect will 
need little urging, to write new laws, to find new ways of 
doing things, and even new products to make. Strange to 
say, I doubt if you will improve on Ben Franklin’s ideas of 
thrift and economics. No one has. 

Those who follow Hall, Acheson, Whitney, Tone, Dow, 
and Becket will be called upon to make more for less, to 
know more about how to do it, and to maintain the standard 
of growth which has become expected of the modern tech- 
nologist. If we can make this Society the place where we bring 
our desires and ideas; if we can make our membership the 
group with which we discuss our problems; if we come to it 
for help; if we give what help we can to our fellow member; 
if that exchange of ideas is accompanied by a genuine and 
unselfish interest in the other’s success, and the broadening 
of our own fields of knowledge and vision, I believe the next 
50 years will be bright beyond our fondest wish. 
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Lawrence Addicks 


Survivor is a word of rather ominous import. It is hard for 
me to realize that of the 350 enthusiastic and mostly young 
men who attended our first meeting only nine of us survive? 
I am really here tonight as a sort of symbol—the fossil re- 
mains, in a reasonable state of repair, of an earlier age. I 
understand that, as a mark of respect, the usual after-dinner 
dance is to be forgone and you are to sing hymns instead. 

I think, therefore, it is fitting to say a few words in defence 
of those days of sweet simplicity, before chemistry got fouled 
up with thermodynamics, while we still had the use of our 
legs, and when all good Philadelphians believed that when 
they died they went to Atlantic City. 

Those of you who are old enough to have attended the 
early meetings will agree with me that we have lost some of 
the zest of the discussions which it would be well to try to 
recapture. We are so impersonal nowadays. I am sure Plato 
had to do a lot of editing on the Socratic dialogues before 
they were fit to send to his publishers. A paper submitted to 
the young Society was short and presented a problem or an 
idea for which the author was prepared to fight and probably 
had to. It was perfectly clear what he was shooting at. To be 
sure you generally thought he was a rotten shot and got up 
and said so. From then on out the meeting took care of itself. 
Now that was on a much higher spiritual level than pure 
science—it was FUN. 

There was a much later type of paper that still turns up 
once in a while today. It is generally long, bristling with 
references, and deals with only a facet of a much larger subject 
not too closely related to the realities of life. After gazing at 
an x-ray picture of an electron crawling through a space 
lattice we older boys sit silent, wonder what the dickens it is 
all about, and just nod wisely. It is probably part of a doctoral 
thesis which the author has wrestled with until he hates the 
sight of it. A number of the younger auditors have strolled out 
during the recital and the chairman, who incidentally hasn’t 
read the paper, adjourns the meeting for lunch. Now you can 
sit at home and read the printed paper. But the profit from 
a technical session is in the discussion. In our early TRANs- 
ACTIONS volumes the discussions sometimes covered more 
pages than the papers. Today we don’t even transcribe them. 
Take a hand at tomorrow’s sessions and see if you can’t 
start an old-time scientific brawl. Make a few enemies— 
they are useful in forming character. 

When this Society was founded it had two patron saints, a 
wise dualism. One was Willard Gibbs, all mathematical theory 
and no practical experience, and the other Michael Faraday, 
bottle washer to Sir Humphry Davy, all experimentation. 
The industrial foundations of electrochemistry were laid by 
electroplaters and such on a largely empirical basis. The phase 
rule worshipers looked down their noses at their uncultured 
associates, who in turn viewed the doctors of learning with 
what might be termed contemptuous awe. The apparently 
elementary problems of electroplating, by the way, have still 
not been dismissed as solved, as Doctor Blum and the Bureau 


' Address at the Fiftieth Anniversary Banquet of The Elec- 
trochemical Society, Philadelphia, Pa., May 6, 1952. 

? It is now known that at least twelve charter members are 
living.—Ed. 
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of Standards will testify. While Gibbs and Faraday jy, 
long since learned to respect each other, the necessity for thei 
philosophic accord still deserves to be kept in mind by tj 
policy makers of the Society. 3 

Another philosophical cleavage was social in nature. Thy 
Philadelphia circle embracing most of the founding fathes 
was steeped in dignity and protocol while the Niagara Py) 
coterie, rapidly expanding due to cheap local power, plus son 
far flung recruits even including one or two Quakers, belieys 
in a more relaxed attitude toward life which finally found e, 
pression in what came to be known as Section Q, a mos 
elusive fraternity somewhat along the lines of the famoy 
Washington Gridiron affair. You can imagine the horror , 
Carl Hering, the embodiment of gentlemanly reserve, whe; 
two bribed New York City policemen and a couple of hire 
vaudeville actors staged a mock raid on the Chemists’ (ly! 
in the middle of a technical session. 

Then there was the job put up on Willis Whitney wh 
living in the Mohawk Valley, among his avocations develope 
quite a taste for hunting Indian relies. At a Niagara Fals 
meeting there was a picnic down the gorge and Whitne 
stumbled on a nice arrowhead. Later, his eyes on the ground 
he found a couple more and was quite enthusiastic until 
beautiful example turned up made of carborundum, afte 
which he strangely lost interest. 

Another device in keeping with Section Q traditions was 
to steal the notes of anyone scheduled to speak at a banquet 
and then organize a group to sit in a far corner and sing 
“Alouette” very quietly, watching developments while oxidiz 
ing alcohol. For the benefit of those who do not know Fren 
Canada, the lyries of “Alouette” while starting out very i 
nocently can, in the hands of the Niagara Section, becow 
more of a lark than the title signifies. 

I have two or three quaint memories of early member 
Professor Richards, who did wonders in building up th 
Society (his students tell that it was wise to join if the 
wanted to be sure of graduating), liked to appear in rv 
markable gray frock coats, was also responsible for th 
glorious lilac bindings on our transactions, and to complete tli 
picture kept a herd of St. Bernard dogs at his house on tl 
Lehigh campus making it look like a Swiss hospice. I ofte 
recall Doctor Bancroft’s saying plaintively: “You can neve! 
convince anbody with facts’—a remark of much wisdom 
Doctor Baekeland, when we started to substitute a lantern 
for the blackboard, was not too much in favor of it. He sat’ 
his experience in lecturing at Columbia was that when |i 
turned the lights on again he found half his audience bho 
sneaked out and the other half was asleep. I remember Doct! 
Roeber, that warmhearted, fussy little German, who, when 
he was given a nice build-up before being presented with «! 
award, confessed that he was terribly embarrassed becau* 
his wife was sitting close at hand and she knew perfect! 
well that what had been said wasn’t so. 

All these men had much to do with the creating and nurtur 
of this Society, but I cannot fail to include in any list th 
name of one of later vintage who for many years devoted to" 
untold service and energies, Dr. Colin G. Fink. Even he ¢i 
not escape Section Q. I have indistinct memories of a plan" 
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ent hin: With a leather medal for the least useful invention 
‘the year in recognition of the really brilliant work he did 
» the electrolytic restoration of corroded ancient bronzes at 
» Metropolitan Museum of Art. 
It seems to me that the greatest function of The Electro- 
omical Society is that of an interpreter, not only between 
“be and Faraday, but in a much wider sense. At one of our 
ry early meetings in Boston, Doctor Eliot, then president of 
jrvard, said that we were dealing with a “borderline 
ence.” | do not know exactly what he meant, but it gives 
othe cue I need to talk a little about the Tower of Babel, or 
» English, Babylon. 
several thousand years ago the Babylonians found out how 
bake hard brick and tile and amused themselves seeing how 
sh they could make their “ziggurats” as they called them. 
\ counts vary that heights from 300 to 600 feet were attained. 
The Hebrew moralist in Genesis takes the story from here 
nd pictures Heaven in alarm at the presumption of man in 
beaching up toward the skies and as dealing with the problem 
creating the famous “confusion of tongues’”’. The masons 
uld not understand the carpenters, the carpenters could not 
nderstand the laborers and so on, the result being the 
lapse of building operations and the putting of man in his 
| ace. 
Now a similar situation has been building up. Starting with 
jristotle’s categories, man for centuries has been largely 
ncerned in asking “‘what’’? and has accumulated enormous 
lists of facts, until relatively recent times not knowing too 
well what to do with them. In the last hundred years or so 
research has centered on “how’’? Then the geologists came 
plong with “when”? And the philosophers still ask “why’’? 
| don’t know what heaven thinks of man’s present presump- 
tion, but it almost seems as if the confusion of Babel is re- 
eating itself. The chemists don’t understand the biologists, 
he biologists don’t understand the physicists, the physicists 
e geologists, the geologists the psychologists, the psycholo- 
vists the economists, and the economists can’t even under- 
tand each other. 
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Now, while The Electrochemical Society by definition 
merely stands between the chemists and the electrical en- 
gineers, in practice we seem to have become the homeland for 
the refugee scientists who find themselves in the misty no- 
man’s land between the older disciplines. We are taking over 
rare metals, for example. Our opportunities are boundless— 
another thought for the policy makers. 

When your president asked me to say what the English call 
a few ‘‘words,”’ he was kind enough to state that I could talk 
about any subject that appealed to me as long as it was The 
Electrochemical Society and for just as long as I wanted, pro- 
vided it wasn’t more than 15 or 20 minutes, or delicate words 
to that effect. On the first count, aside from the Bible and a 
few minor matters, I have not strayed from the reservation. 
On the second I again have a thought to leave with you. How 
to choke off a speaker, be it from the banquet table, the 
pulpit or what have you, has long been as insoluble a problem 
of how to kill a government bureau once it has outlived its 
usefulness. 

Many years ago I was the chairman of the New York 
Section of this Society; we had well attended meetings at the 
Chemists’ Club, with a subject chosen in advance and several 
qualified men invited to discuss it, somewhat along the lines of 
the Town Meeting program on the radio. Of course the first 
man would way overrun his time and confuse everything. 
Well, we rigged a bright orange light on a fixture at the 
speaker’s elbow and in view of the audience, telling him in 
advance that it would be lighted at the end of his alloted 
time just to keep him posted. When the light came on he 
would totally ignore it at first, but presently he would stumble 
over a word; next he would lose his place and finally mumble 
something and sit down. Psychologically he simply could not 
face that light and keep his attention on his speech. This 
device is the child of The Electrochemical Society and I 
should like to see it generally adopted. 

I find that I spoke at the 25th anniversary dinner also. 
I hope it becomes habit-forming and you ask me to the 75th. 
You have a wonderful Society and, in the words of Tiny 
Tim, “God bless us every one.” 


MANUSCRIPTS FOR FALL MEETING 


Manuscripts are now being received for the Fall Meeting of the Society, to be held at 
| the Mount Royal Hotel in Montreal, Canada, October 26, 27, 28, 29, and 30, 1952. Sub- 
| jects to be covered at the technical sessions will be Corrosion, Electric Insulation, Elec- 
| trodeposition, and Electro-Organic Chemistry. To be considered for this meeting, triplicate 

copies of manuscripts or abstracts (not to exceed 75 words in length) must be received 
at Society headquarters, 235 West 102nd Street, New York 25, N. Y., not later than 


August 1, 1952. 


Current Affairs 


Commemorative Events and Largest Technical Sessions 
Mark 50th Anniversary Celebration 


The Electrochemical Society cele- 
brated its 50 years of growth and ex- 
istence in its place of origin, Phila- 
delphia, from May 4 to 8. Five days of 
divisional meetings, technical sessions, 
and social functions at the Benjamin 
Franklin Hotel broke all previous 
attendance records. 

From the social and commemorative 
points of view, the reception for 
President and Mrs. Hunter and the 
banquet, in the Crystal Ballroom, were 


the high points of the meeting. Two 
of the original Charter Members at- 
tended the banquet. To Lawrence 
Addicks and G. H. Clamer this 50th 
Anniversary meeting recalled the first 
Society meeting on April 3, 1902 at the 
Manufacturers’ Club. Dr. R. M. Burns 
read excerpts of letters from the ten 
other Charter Members, some of them 
indicating that, because of the effects of 
the years the banquet was commemo- 
rating, the trip to Philadelphia was not 


possible. Each of the twelve Charts 
Members received in person or by mn 
a scroll of Honorary Founder membe 
ship. 

Both Dr. Addicks and Dr. Clan, 
accepted their scrolls personally 
Samuel Sadtler’s son received the sep 


for his father. Dr. Addicks, speaking 


behalf of the Founder Members, gs 


a most delightful as well as though 


provoking address. (See page 15s 
Fifteen of the Society’s Past Pre 


Top row, left to right, Incoming President Warner receives congratulations from his predecessor, Dr. Ralph M. Hunter; Socie!! 
officers, Warner, Hunter, and Linford are ready to comment on Dr. Burns’ explanation; Dr. Lawrence Addicks and Dr. G. H. Clame! 
representing the Charter Members, compare 1902 and 1952. 
Center row, E. F. Kiefer and W. C. Moore are busy in the foreground, backed by J. C. Warner and J. W. Marden; the Society’ 


Secretary and a croupier discuss the finer points of the game to the amusement of Mrs. Kiefer, A. T. Hinckley, M. J. Udy, D 
Carr, Mrs. Linford, Dr. Moore, and F. C. Mathers; E. G. Enck provides local color as the dapper gambler of earlier times; A.| 
Ferguson and his fellow players add a number of Watts to their collections as Mrs. Colin G. Fink considers her next move. 


Bottom row, G. W. Heise smiles while C. A. Hampel places some Watts; players from F. A. Lowenheim to Dr. Addicks watch Croup! 


Lukens at the wheel of fortune; scene at the reception for Dr. and Mrs. Hunter before the banquet. 
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lonts attencied the banquet in honor of 
his speci! occasion. Past President 
Faust called the roll of his predecessors, 
é<t asking that applause be delayed 
until he had named them all, but as each 
past President rose from his seat at the 
bead table there was a spontaneous 
of acknowledgment. 

The roll called included: Lawrence 
iidicks, A. T. Hinekley, H. C. Parme- 
. William Blum, Bradley Stoughton, 
1 S. Lukens, James H. Critchett, 
duncan A. MacInnes,. H. Jermain 
(yeighton, F. C. Mathers, R. M. Burns, 
Kirkpatrick, W. C. Moore, 
George W. Heise, A. L. Ferguson, and 
Charles L. Faust. 


Charte 
or by mg 
r member 


fs, Clamy Dr. Ralph Hunter as outgoing Presi- 
mally ay jent delivered the presidential address 
page 155C) and incoming President 
eaking a Warner acknowledge his new office with 
bers, a brief, humorous remarks on the in- 
thought ensability of the individual. 

a ee (ne of the special features of the 50th 


\nniversary meeting was the signing 
by many members of a scroll to be 
presented to Dr. Colin G. Fink in 
appreciation of his many contributions 
to the Society. 

Wednesday evening’s entertainment, 
following a buffet supper, was a “Las 
Vegas” night. Incredible amounts of 
“Watts,” the “Elektrokomical Kash” 
that was legal (?) “tinder’’ for the even- 
ing, exchanged hands over the tables. The 
players were then exposed to a talk 
based on the fact that crime does not 
pay, followed by the drawing of door 
prizes ranging from shoe polishing kits to 
fine luggage. 

Technical sessions proved worthy of 
the semicentennial event. Meeting 
rooms were well filled for all symposia 
and to overflowing for some sessions. 
The special round table on the teaching 
of electrochemistry resulted in con- 
siderable discussion from the floor and 
will be written up in detail in a later 
issue of the JouRNAL. 

The Electric Insulation Division 
pproduced sessions of widespread in- 
lerest, including several papers on 
nonwoven fabrics, their development 
and applications. Although the number 
of papers on instrumentation was small, 
comparatively speaking, there was no 
Black of interest and discussion. Theo- 


Society retical Electrochemistry sessions pro- 
. Clames duced prolonged and detailed discussion 


on new ideas on which many listeners 


or } withheld decision. Boron, gallium, and 
Zirconium, among other metals, re- 
‘ relved the attention of men interested 
Croupi ire metals and the phosphors, in 


cluding trapping phenomena, proper- 


‘was highly successful and 
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ties, cathodoluminescence, ete., held 
the interest of the luminescence group. 
Screen application papers were well 
worth the trip to the Harrison Labo- 
ratory. Members will doubtless be in- 
terested in more information on the 
sign convention discussion which will 
be published in a later issue of the 
JOURNAL. 

The program planned for the ladies 
while their men were attending sessions 
included 
diversified activities to appeal to various 
tastes. Highlight of their special pro- 
gram was the trip to Bryn Athyn 
Cathedral and luncheon at the Hunting- 
ton Valley Country Club, involving a 
bus trip the ladies are apt to recall 
vividly. 

The Philadelphia Section, host for 
the meeting, organized and planned a 
program that ran with precision and 
smoothness. General Chairman H. 8. 
Lukens and his committeemen earned 
the thanks and congratulations of the 
672 members and guests who enjoyed 
one of the finest and most successful 
meetings ever held by the Society. 


Awards of Young Author’s 
and Turner Book Prizes 


Joun T. Byrne receiving award from 
Dr. HUNTER 


The Young Author’s Prize of $100 
was awarded to John T. Byrne of The 
Dow Chemical Company, AEC Rocky 
Flats Plant, Denver, Colorado, for the 
paper entitled “Critical Interpretation 
of Electrodeposition Studies Involving 
Traces of Elements,” of which he was 
co-author with L. B. Rogers. This 
paper was published in the November 
1951 issue of the JouRNAL. 

Dr. Byrne received his Bachelor of 
Science degree in chemical engineering 
from Tufts College in 1948 and the 
Ph.D. degree in analytical chemistry 
from Massachusetts Institute of Tech- 
nology in 1951. His graduate work, on 
the electrodeposition behavior of traces 
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of elements, was done under Professor 
L. B. Rogers. Since June 1951 Dr. 
Byrne has been employed by The Dow 
Chemical Company. His chief interest is 
in analytical methods development. 
The Turner Book Prize of $50 worth 
of scientific books, published by Rein- 
hold Publishing Company, was awarded 
jointly to Kurt H. Stern of Clark 
University, Worcester, Massachusetts, 
and Charles C. Templeton of Shell Oil 
Company, Houston, Texas. They were 


Kurt H. Stern 


co-authors of the paper “The Electrical 
Conductance of Solutions of Cobalt 
(II) Nitrate Hexahydrate in Aceto- 
phane at 25°C,” which appeared in 
the JourRNAL in November 1951. The 
work was part of a program sponsored 
by the Atomie Energy Commission at 
the University of Michigan. 

Mr. Stern received the A.B. degree 
from Drew University in 1948 and the 
M.S. degree from the University of 
Michigan in 1950. Here, while taking a 
course in electrochemistry from Pro- 
fessor Ferguson, he became interested in 
the theory of electrolytic solutions. He 
is at present completing requirements 
for his doctorate at Clark University. 


CHARLES C. TEMPLETON 


Dr. Templeton received the B.S. 
degree from Louisiana Polytechnic In- 
stitute in 1942 and, after service in the 
Navy, took the Ph.D. degree from the 
University of Wisconsin in 1948. For 
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the next two years he was an instructor 
in physical chemistry at the University 
of Michigan and, in 1950, joined the 
Exploration and Production Research 
Laboratory of Shell Oil Company. His 
research interests include the study of 
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water-metallic nitrate-organic solvent 
systems, and multiple fluid flow through 
porous media. 

The awards were formally presented 
by President Ralph Hunter at the 
Philadelphia meeting. 


Highlights of Board of Directors’ Meeting 
(Held May 4, 1952) 


The Board approved the action of 
the Membership Qualifications Com- 
mittee in electing the members whose 
names were recommended during the 
months of February, March, and April. 

The Board gave approval to the 
proposal made by the Ashley-Ratcliff 
Corporation of New York to microfilm 
the first three volumes of the Trans- 
actions of The Electrochemical Society, 
and also to reproduce, in full size, the 
first and the third volume. The Society 
will receive a 10 per cent royalty. 

Due to the recent death of Francis 
Mills Turner, the Turner Book Prize, 
which has been a personal undertaking 
of Mr. Turner, would have terminated 
automatically had it not been for the 
action of Mr. Fred W. Peters, Vice- 
President of Reinhold Publishing Cor- 
poration, in underwriting the prize for 
the year 1951. In order that this prize 
might continue, Mr. Peters had previ- 
ously informed the Secretary that the 
Board of Directors of Reinhold Pub- 
lishing Corporation had offered to 
continue this prize in a slightly different 
form. The award would be increased 
to $100 retail purchase value of technical 
books of any publisher. The award 
would be administered as at present by 
the Society. Reinhold would simply 
arrange to obtain the $100 worth of 
books for the award winner after he 
forwards his selections. On motion of 
Dr. J. C. Warner, it was voted that we 
accept the Reinhold offer and suggest to 
Reinhold that they choose the name of 
the award since Mr. Peters had sub- 
mitted two alternative wordings. 

John T. Byrne was awarded the 
Young Author’s Prize and the Turner 
Book Prize was awarded to both Kurt 
H. Stern and Charles C. Templeton 
for their joint contribution. 

The Secretary reported the marriage 
of our past Managing Editor, Miss 
Eleanor Reid, to Brian Derek Forrow, 
and read a note of appreciation received 
by Dr. Burns for the gift presented to 
her in the name of the Board of Diree- 
tors of the Society. 


R. M. Burns, reporting for the 


Publication Committee, presented a 
good many figures with respect to the 
JouRNAL, showing distributions of tech- 
nical papers through divisions and also 
a breakdown of number of pages of 
Technical Reviews, Current Affairs, 
Editorials, etc. Dr. Burns then intro- 
duced Mrs. Ruth Sterns, our new 
Assistant Editor, and also presented 
the resignation of Mr. Frank LaQue, 
who has been advised by his doctor to 
relinquish his duties. Mr. LaQue’s 
resignation was regretfully accepted 
with a unanimous vote of appreciation 
for his services during the past years. 

A. W. Whitaker, General Chairman 
of the Montreal Meeting, gave a report 
on the plans for this meeting. Of out- 
standing interest to the members is the 
proposed trip to Arvida, leaving Wednes- 
day evening by rail, arriving in Arvida 
Thursday morning. The day will be 
spent viewing the aluminum reduction 
works and auxiliary installations, and 
the return will be made to Montreal 
during Thursday night. 

Harry R. Copson, General Chairman 
of the New York Meeting, made a 
request that the Richards Memorial 
Lecture be held at the New York 
meeting next spring. This request was 
granted, and the Local Committee 
was directed to make nominations to the 
Board of Directors for suitable candi- 
dates for the lecture. 

C. L. Faust, reporting for the Ways 
and Means Committee, requested that 
the Board establish the policy that 
sustaining members receive one copy of 
the JourNnAL. This was approved. 

The following schedule of meetings 
was approved as recommended by the 

Ways and Means Committee: 

Fall of 1952 —Montreal 

Spring of 1953—New York 

Fall of 1953 -Wrightsville Beach 

Spring of 1954—Chicago 

Fall of 1954 —Boston 

Spring of 1955—Cincinnati 

Fall of 1955 Pittsburgh 

Spring of 1956—San Francisco 

Fall of 1956 Cleveland 

L. I. Gilbertson reported on the 
activities of the Membership Com- 


Tuly 19; 


mittee, showing that our Society 
continuing to grow in numiers 

Walter H. Prine, Chairiian of th 
Sustaining Membership Co: mittee. ref 
ported that since the Detroit Mecting 
the following companies have takey od 
sustaining memberships: 

Air Reduction Company 

American Potash & Chemica] 

Armour Research Institute 

KE. I. du Pont de Nemours & ¢ 

Ine.—Screen Division | 

Kagle-Picher Company 

Kaiser Aluminum & Chemical 

MecGean Chemical Company 

Fred A. Lowenheim reported for thy 
Local Section Advisory Committee, 4) 
requested that monies be made ayaila)) 
to those interested in forming ney 
sections. The particular case in point 
are the Indianapoli. members who are 
at the present time, considering the 
formation of a section. On motion o 
Dr. Warner, it was voted to advance y 
to $25 against the first year’s allotment 
of $50 for sections holding four meeting 
a year. In this fashion, money coulf 
be made available to hold an organiz 
tion meeting at which time collection 
of local section dues might begin. 

Under old business, the Board dis. 
cussed the matter of increasing the 
dues and subscription rates. It was 
voted that these rates be increased 3 
per cent starting January 1, 1953. 

At the conclusion of the Boarl 
meeting the new President, Dr. J. ( 
Warner, called a meeting of the nes 
Board of Directors into session. Thi 
first item of business was a resolution 0/ 


Rese 


thanks for the services of Dr. Ralph gDire 
Hunter as President during the |a 
year. Acting under the Constitutic T 
the Board then appointed Henry } = 
Linford as Secretary. Lab 
The next meeting of the Board 0! * 
Directors was called for Friday, Juv ville 
27, in the Society office, 235 West |"), 
Street, New York 25, New York. = 
Henry B. Linrorp, Secrelor) 
Report of Tellers 7 
of Election 
For President: J. C. Warner 701; ‘BBEn 
write-ins; 20 abstentions. elk 
For Vice-President: Kenneth Compt! 
142; Sherlock Swann 227; Herbert 
H. Uhlig 356; 2 write-ins; | ® ve 
stention. size 


For Treasurer: FE. G. Widell 697; 
write-ins; 28 abstentions 
(Signed): Herbert P. Dengler, Chair’ 
Irving Moch 
David Feder 
Tellers of Electw" 
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t Jarge contingent of the Battery the conventional zinc-type battery, 

Ittee, 1a aio of The Electrical Society giving more than twice its capacity. 

Meeting -— the Sixth Annual Battery This cell is particularly desirable since 

ou search and Development Conference, it utilizes noncritical materia!s in place 
ol at the Berkeley-Carteret Hotel, of zine. Recently the Signal Corps 

; jury Park, New Jersey, May 13 Engineering Laboratories have pro- 

al Co »| 14. Division members actively cured magnesium batteries for test over 

&C sticipating in the conference were: wide temperature ranges and various 

= Bram Shorr, Roy C. Kirk, Richard capacities prior to their adoption for 
une, Joseph C. Schumacher, Bernard field use. 

; \cruss, U. B. Thomas, Arthur Daniel, Gordon W. McRea, Vice-President, 
one om Willihnganz, Arthur Fleischer, Bell Telephone Laboratories, the 
) ' J. Ritchie, Judson West, Jr., A. B. luncheon speaker, gave a very enlighten- 
* ‘arrett, and David Linden. ing talk on transistors and some of the 
Wailabh 
ng ney 
In point 
who are 
‘ing the 
otion of 
ANCE Uy 
llotment 
neetings 
Vv could 
rganiza 
lection 
gin. 
ard dis 
ing the 
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Board 
r J. A discussion in progress at. the conference (left to right): Grenville B. Ellis, Chief, 
he '" M#Power Sources Branch, Signal Corps Engineering Laboratories; Gordon McRea, Vice- 
ow The President, Bell Telephone Laboratories, guest speaker; Major General Kirke B. Law- 
ution 0 Miton, Commanding Officer, Fort Monmouth, New Jersey; and Colonel Edwin R. Petzing, 
. Ral Director, Signal Corps Engineering Laboratories. 
the last 
_s The conference is sponsored each more recent applications in replacing 
were year by the Signals Corps Engineering the vacuum tube. The battery industry 
Bo Laboratories, Fort Monmouth, New is particularly interested since transis- 
y ue? under the direction of Gren- tors are capable of low power opera- 
eat i? ville B. Ellis, Chief, Power Sources tion and so would open an entire new 


" Branch. The recent meeting attracted field of applications for batteries. 


a than 300 representatives of the Four symposia were presented in the 
attery industry, which included over two days; these covered recent and 
i) government and commercial groups. proposed battery research, dry cell 
Highlighting the meeting was the batteries, secondary batteries, and bat- 
Bg nouncement by the Signal Corps teries with special applications. 
701; | Engineering Laboratories of the de- 
elopment of a new line of special Battery Research 
omp" purpose “one-shot” batteries for use At the morning session on May 13, 
Herbert vith guided missiles, pilotless aircraft, Herbert A. Gottschall, Markite Com- 
1 a rockets, and similar equipments, the pany, spoke on the recent development 
‘ze and weight of which are only one- of a leakproof plastic miniature battery 
697; Mibthird that of the more conventional using a conductive plastic construction. 
\ype batteries previously employed for It was pointed out that this encapsu- 
arm" these applications. Also, further details lated structure is particularly desirable 
vere announced on the magnesium for the alkaline dry cells designed to 
Bs dattery whieh recently has been de- give long life, high voltage, and low 


eloped and whieh will out-perform drain characteristics. 
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New Developments Noted at Sixth Annual Battery Conference 


Also under investigation is the de- 
velopment of a new absorbent and film 
type of battery separator having better 
properties than those currently used. 
Paul F. Bruins, Polytechnic Institute 
of Brooklyn, presented a paper on 
recent work done with resin bonded 
nonwoven textiles made from synthetic 
fibers and the production of micro- 
porous films of chemically resistant 
resins. Many other new separator 
materials are in the process of evalua- 
tion at this time. 

At the close of the morning confer- 
ence, William Shorr, Signal Corps Engi- 
neering Laboratories, described several 
new phases in the SCEL battery re- 
search program. Quantities of radio- 
active waste materials and their possible 
use in high potential power supplies has 
opened an entire new field of exploita- 
tion, since the shelf life would be of such 
a magnitude that the battery should 
remain relatively unaffected for dec- 
ades. The life of a device wherein 
portable electrical energy is derived 
from nuclear energy would chiefly be a 
function of the half-life of the radio- 
active material. Also radioactive tracer 
techniques are now being employed 
for the elucidation of electrode reaction 
mechanisms of batteries over various 
operating conditions. 


Dry Cell Batteries 


During the afternoon session, Dr. 
Roy C. Kirk, Dow Chemical Co., 
pointed out that the magnesium- 
manganese dioxide dry cells have given 
successful shelf life up to 3 years, and 
at high drains were capable of capacities 
considerably greater than the standard 
Leclanché cell. Also, new  intercell 
connection techniques have been im- 
proved. A wax-powdered graphite mix- 
ture offers considerable promise as a 
conductive anode coating in flat cell 
pack construction. 

W. B. Woodring, Olin Industries, 
Inc., reported progress on the develop- 
ment of a nonreserve type battery that 
will operate at temperatures as low as 
—65°F. A study of electrolyte compo- 
sition indicated that a lithium chloride- 
zine chloride-amonium chloride-water 
electrolyte is satisfactory at —40°F. 


Further experiments have revealed that 
an electrolyte system of lithium chlo- 
ride-zine chloride-water is best suited 
for work at —65°F. Mr. Woodring also 
pointed out that storage temperature 
appears to have an important effect 
on delayed low temperature discharge. 
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Better delayed results are obtained from 
cells stored at 0° than from those stored 
at 70°F when they are tested at —65°F. 

Joseph Dalfonso, P. R. Mallory & 
Co., Ine., spoke on the standard 
alkaline dry cell design and its possi- 
bilities in low temperature application. 
Mr. Dalfonso reported that the present 
design is unsuitable to operation at ex- 
tremely low temperatures since elec- 
trode polarization, particularly at the 
anode, was found to be the prime con- 
trolling factor in low’ temperature 
operation. Relatively large electrode 
electrode spacings 
along with a considerable size increase 
would be required to maintain a dis- 
charge capacity equivalent to that 
normally obtained at room temper- 
ature. On the other hand, with retention 
of established cell sizes, a substantia! 
reduction in room temperature capacity 
would be required to obtain optimum 
low temperature operation. 

The second session of the Dry Cell 
Battery Symposium was devoted to 
the presentation of several papers on 
the alkaline dry cell batteries and the 
successful production of battery-active 
manganese dioxide from domestic, low- 
grade, natural manganese ores. Richard 
Clune, P. R. Mallory & Co., Inc., re- 
ported on the successful development 
of a miniature alkaline dry cell capable 
of high drain operation over a range of 
operating temperatures. Cells were de- 
veloped in two sizes, namely 150 and 
50 ma hr, which would be capable of 
delivering rated capacities on discharge 
rates of 5 to 20 hours at room temper- 
ature. 

In the report on the refinement, by 
electrolytic process, of manganese ore, 
Joseph C. Schumacher, Western Elec- 
trochemical Company, pointed out that 
the pilot plant has been in operation 
for over twelve months and the product 
quality far exceeds Signal Corps speci- 
fication requirements. Plans are now in 
progress to expand the present plant 
capacity tenfold to meet the ever-in- 
creasing demand for the product. 


areas and close 


Secondary Batteries 

Alloy Grids: The 
program on secondary batteries was 
opened by Bernard Agruss, National 
Lead Company, who discussed the 
development of corrosion-resistant posi- 


Tellurium-Silver 


tive grids by small additions of silver 
and telluriam. These grids when in- 
corporated into batteries have shown a 
minimum of 100 per cent more life 
than the conventional antimonial-lead 
grid on overcharge tests. 
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Plated Aluminum Grids: L. L. Car- 


rick, University of Michigan, and 
Eugene Willihnganz, Gould-National 


Battery, Inc., discussed the use of 
lead-plated aluminum grids in the con- 
ventional lead-acid type battery. Dr. 
Carrick stated that the process of lead 
plating of aluminum grids has been 
shortened and improved to the extent 
that it may be adopted to production 
line operation. Dr. Willihnganz agreed 
that the lead-plated aluminum grids 
had excellent shelf life and high dis- 
charge characteristics, but, however, 
also stated that the expected saving in 
weight could not be obtained. The lead- 
plated aluminum grids were heavier 
and contained less active material 
than an equivalent sized cast lead grid. 
This increase of weight is the result of 
two factors—punching operations of 
aluminum and thickness of plating. 
The improvement in grid conductivity 
resulting from the presence of aluminum 
did not balance the loss of active 
material content except when the dis- 
charge rate was great enough to exhaust 
the battery capacity in 0.5 minutes or 
less. 


Special-Purpose Batteries 


The second day of the conference, 
M. F. Chubb, Eagle-Picher Company, 
reported on the new water-activated 
cuprous chloride-magnesium system. 
It has developed particular interest 
because of its ease of activation, adapta- 
bility to high voltage construction for 
“B” batteries, and general rating as a 
high capacity, low weight, moderately 
priced, expendable power source. Al- 
though developed only recently, this 
type of battery is at the present time in 
large scale production for several mete- 
orological applications and promises to 
spread to other fields in the near future. 
The cuprous chloride-magnesium bat- 
tery is particularly desirable because of 
its most effective use at discharges from 
approximately the 1 to 4 hour rates, 
and where advantage can be taken of 
the excellent low temperature charac- 
teristics of the battery because of its 
highly exothermal discharge reaction. 

In the discussion of the zinc-silver 
peroxide system, N. T. Wilburn, Signal 
Corps Engineering Laboratories, stated 
that the high power output per units of 
weight and volume and constant volt- 
age at high rates of discharge lend the 
system ideally to specific high rate 
military application where strict voltage 
regulation is required and where space 
and weight are critical factors. A 
standard line of such batteries is now 
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in production and has been rocura) 
the Signal Corps for missile applica, 
and extensive testing. 

Work is now being done to creatp J 
nonreserve type zine-silver 
battery capable of one year shelf jj 
at 80°F retaining most of the good 
characteristics of the present resery. 
type battery. Since no activation woy 
be necessary for this type of battery 
requirements of many new missil 
applications, such as defensive misgilp 
can be met. 


International Committee 
to Meet in London 


The fourth meeting of the Inte. 
national Committee of Electr. 
chemical Thermodynamics and Kinetics 
(CITCE) will be held in 
(Imperial Institute of Science anf 
Technology) and Cambridge (Cay 
bridge University), England, on Septen 
ber 10 to 13, 1952. A number of |aly 
ratories specializing in electrochemist) 
and corrosion will be visited by the 
participants on September 8 and 4 
Information concerning this meeting 


Londo 


can be obtained from Dr. Marci” 
Pourbaix, Secretary General of theme” 
Committee, University of Brusses 
50 Avenue F. D. Roosevelt, Brussckjame™" 
Belgium, or from Dr. T. P. Hou . 


Vice-President of the Committee, | 
partment of Metallurgy, Cambridg 
University, Pembroke Street, Can 
bridge, England. 

Previous meetings of CITCE wen 
held in Belgium at Brussels in Mar 
1949, in Milan, Italy, and vicinity « 
September 1950, and in Bern, Switz 
land in August 1951. Members of th 
Board holding office until the end of th 
fourth meeting are: P. Van Rysse 
berghe, University of Oregon, President 
T. P. Hoar, Cambridge University, an 
R. Piontelli, Politechnico of Mila 
Vice-Presidents; M. Pourbaix, Un 
versity of Brussels, Secretary Genem 
E. Lange, University of Erlange 
Fifteen countries are represented in th 
membership of nearly one hundre 
In each of these countries a nation 
secretary attends to all matters pe 
taining to the activities of the Com 
mittee and represents his country in th 
Council. 


Proceedings Available 


The Proceedings of the second meet 
ing have been published by the Tam 
burini firm of Milan. They may ' 
ordered from Dr. Marcel Pourbaix # 
the address given above. The price “ 
$6 can be paid directly by person 
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A reduetion of 20 per cent, 
Dplicatiog Ling the price $4.80, is granted to 
, members of The Electrochemical 
Create g ty and or of the National Associ- 
peroxide, of Corrosion Engineers. The 
shelf coedings of the third meeting are 
the published by the Manfredi firm 
reserve and will appear shortly. Orders 
On Would 3 be placed with Dr. Pourbaix. 
batter 
Section Presents 
> Missile Program at ACS Meeting 
in response to an invitation from the 
Littee Section of the American Chemi- 
| Society to participaté in its April 
+) oeting, the local section of The 
Inter 
Electr: mical Society presented a 


discussion” entitled “This is 
Lends otrochemistry !’’ The subject covered 
_ mt jiscussion of the status of electro- 
7 (Cam. hemistry —in celebration of the 50th 
~Biversary of the founding of the 


Septen 

of 
hemist; Taking part in the panel were: F. J. 
by who spoke on 
and ey Lindberg, “Corrosion ; Clif- 
meeting nd A. Hampel, “Industrial Electro- 


Mare bemical Products’; and O. W. Storey, 
wderator. The meeting was deemed a 


of th 
Brusselemuccessiul one, and the Society members _ 
Bross sh to express their appreciation to the 
Sse ls 


he hicago Section of the ACS for the 
Ty ppportunity of presenting this program. 


OWS. 


mbridge 
Cam 

Proposed Trip to Arvida 
weefmiuring Montreal Meeting 


1 Mat The Montreal Local Committee has 


a trip to the plant of 
minum Company of Canada, at 
ay 7 rvida, in connection with the fall 
od of th necting of the Society. Arrangements 
ays rill be made to leave Montreal by train 
— n Wednesday evening, October 29, and 
> oe rive in Arvida Thursday morning, 
oye pending the day at the plant, and 
eturning to Montreal Thursday night. 
| la f Reservation cards and details of the 
——- wrangements for the trip will be sent 
a in Oo members with the Program Booklet 
wundre t the fall meeting so that those in- 
erested may communicate with the 
oie peal committee as early as possible. 
the 
Montreal Meeting 
ates 
The dates for the Montreal meeting 
d ' The Electrochemical Society have 
Lal 


een revised as follows: the meeting will 
may Benin on Sunday, October 26, and con- 
rbalx ine through Thursday, October 30. 
price “MiThis moves the meeting forward one 
person from dates previously scheduled. 


CURRENT AFFAIRS 


Conserving Our 
Most Critical Resources 


With the mounting defense program, 
the rapid increase in industrial produe- 
tion is being accompanied by a rising 
industrial accident rate. The pattern is 
much like that of the early years of 
World War II. Not until 1943 was the 
upward trend halted by intensified 
safety programs. In the interest of 
conserving that critical, irreplaceable 
resource, manpower, the Mine Safety 
Appliances Company has published a 
booklet calling attention to the need 
for reappraising and strengthening ex- 
isting safety programs. Copies of “Con- 
serving Our Most Critical Resource”’ 


News From 


Electronics Division 


At the Philadelphia meeting in May, 
the Electronics Division presented sym- 
posia on Luminescence, Rare Metals, 
instrumentation, and Sereen Applica- 
tion and held a joint session of the Rare 
Metals Group and the Electrothermic 
Division. Chairmen of these symposia, 
Roland Ward, D. M. Wroughton, R. H. 


‘Cherry, C. W. Jerome, and A. E. 


Hardy, are to be commended on an 
excellent job of preparing the sessions 
and arranging to get the papers. 
It is expected that the 1953 spring 
meeting will include symposia on 
Luminescence, Rare Metals, and some 
phase of general Electronics as has 
been the practice for the past four or 
five years. 
The new officers elected at the 
Philadelphia meeting were: 
Chairman—J. R. Musgrave 
Vice-Chairman, Luminescence Group 
—A. L. Smith 

Vice-Chairman, Rare Metals Group— 
D. M. Wroughton 

Veie-Chairman, General Electronics 
Group—Meier Sadowsky 

Secretary-Treasurer—C. W. Jerome 


* * * 


Screen Application 


A group of workers in this field ap- 
proached the Electronics Division prior 
to the Washington meeting in April 
1951, asking that they be sponsored for 
their symposia and round tables. The 
Executive Committee at that time 
agreed that they should be sponsored 
on a trial basis. Since that time, this 
group has had two symposia, one at the 
Fall meeting in Detroit and another 
during the spring meeting in Phila- 
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may be obtained on request to Mine 
Safety Appliances Company, Braddock, 
Thomas and Meade Streets, Pittsburgh 
8, Pennsylvania. 


Electroplaters’ New Address 


The executive office of the American 
Electroplaters’ Society was moved from 
Jenkintown, Pennsylvania, to the Amer- 
ican Building, 445 Broad Street, New- 
ark 2, N. J., on April 1. At the same 
time the editorial and business offices of 
Plating also were moved to Newark. A 
production otfice has been established 
at 5800 N. Marvine Street, Philadelphia, 
to which plates, cuts, and production 
correspondence should be directed. 


the Divisions 


delphia. Contingent on Society ap- 
proval, they have now been accepted 
in the Division. 


Abstract Booklets 


The suggestion was made at the 1951 
spring meeting that a booklet of ex- 
tended abstracts or condensed papers 
be published under the auspices of the 
Electronics Division. After much pre- 
liminary work the project was sub- 
mitted to the Society Board of Directors 
in October and permission was granted 
to publish such a booklet. 

This project was financed by dues 
from the membership and eventually it 
was found possible to name a price of 
$1.50 for the booklet. Prepublication 
orders were in the hands of the members 
before the Philadelphia meeting and 
copies of the abstract booklet were on 
sale at the registration desk. 

The membership of the Electronics 
Division and the Society have decided, 
from this year’s experience, to continue 
this practice. 


Anniversary Issues 


In connection with the 50th anni- 
versary of the Society, special issues 
of the JouRNAL were assigned to each of 
the Divisions; the Electronics Division 
was given the April and May issues. 
Dr. John W. Marden supervised and 
edited the anniversary features which 
were presented in these two issues, as 
well as writing much of the historical 
materia! himself. Rudolph Nagy, Mar- 
tin F. Quaely, G. A. Perley, and R. H. 
Cherry all presented review articles on 
the Division’s accomplishments during 
the past 50 years. Dr. Lawrence Addicks 
wrote an editorial on rare metals and 
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other members of the Division con- 
tributed with write-ups and criticism. 


Membership 

Approximately 225 members were 
listed as of May 1, 1951. Subsequent 
additions to our membership have 
raised this total to 276 as of March 5. 
Only a few members were lost by 
resignations on the first of the year. 

Under the chairmanship of L. I. 
Gilbertson, the Membership Committee 
of the Society has been extremely 
active. The increase of members within 
the Division has been due in some part 
to the activities of the Membership 
Committee, but a large portion of the 
credit for increased membership in the 
Electronics Division should go to the 
divisional officers who individually can- 
vased each prospect submitted to them. 

Although we have 276 members 
registered with the Society as belonging 
to the Electronics Division, only 91 
of this group paid dues. This is but 
one-third of the membership. It is 
hoped that a better response will be 
encountered this year if it is found 
necessary to assess dues again. 


Electro-Organic Division 


The following candidates have been 
nominated and the nominations ac- 
cepted for election at the meeting of the 
Electro-Organies Division, to be held 
during the fall meeting of the Society in 
Montreal: 

Chairman—Christopher L. Wilson 

V ice-Chairman—Harold M. Scholberg 

Secretary-Treasurer—Stanley Waw- 

zonek 

The above slate was submitted by 
the nominating committee: Sherlock 
Swann, Jr., Chairman; N. M. Winslow 
and H. J. Creighton, members. 

H. M. Scuousere, Secretary-Treasurer 


Electrothermic Division 


The annual luncheon and _ business 
meeting of the Electrothermic Division 
was held Thursday, May 8, at the 
Benjamin Franklin Hotel in connection 
with the Spring Meeting of the Electro- 
chemical Society, with Dr. C. H. 
Chappell, the Division Chairman, pre- 
siding at the business meeting. 

Dr. Chappell expressed the apprecia- 
tion of the Division for the work which 
Guy Fetterley had done as Program 
Chairman during the past vear, and for 
the work of Julian Glasser in organizing 
the Electrothermic con- 
tribution to the Anniversary Issue of 
the JoURNAL. 

The meeting was adjourned after the 


Division’s 
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report of the Secretary-Treasurer, and 
a report on the progress of the Division’s 
major project, the compilation of a 
monograph on refractories. 

No election was held at this meeting, 
since the officers of the Division are 
now elected for a two-year term. The 
next election of officers will be in con- 
nection with the 1953 Spring Meeting. 

I. Ek. Secretary-Treasurer 


Industrial Electrolytic Division 


The meeting of the Industrial Elee- 
trolytie Division, in Philadelphia, May 
5th, was called to order by the Secre- 
tary-Treasurer, Kenneth B. MeCain. 
The minutes of the preceding meeting 
and the reports of the Secretary and 
Treasurer were read and accepted as 
read. The nominating committee con- 
sisted of M. 8. Kircher, Chairman, 
R. B. MaeMillin, and James King. 
Their report, presenting the nomina- 
tions listed below, was read by Mr. 
King: 

Chairman— Dean QO. Hubbard, 

Hooker Electrochemical Comnany, 
Niagara Falls, N. Y. 


Vice-Chairman—Fred W. Koerker, 


Dow Chemical Company, Mid- 
land, Mich. 
Secretary-Treasurer-—A. R. Orban, 


Niagara Alkali Company, Niag- 
ara Falls, N. Y. 
No further nominations were made 
from the floor and the above slate of 
officers was unanimously elected. 

The Chlor-Alkali report was read by 
Warren Sherrow and copies of the 
report will be sent to members of the 
Division. 

During a discussion it was brought 
out that more papers will be needed for 
the Fall Meeting at Montreal. No new 
business was introduced, and the meet- 
ing was adjourned. 

Kennetu B. McCain 
Secretary-Treasurer 


PERSONALS 


WituiaM J. Rosensioom of Chemical 
Construction Corp., New York, N. Y., 
has transferred to the company’s 
Canadian office, Chemical Construction 
(Inter-American) Ltd., 74 Wellington 
St., West, Toronto, Canada. 


P. has accepted the 
position of Technical Director, Mac- 
Dermid, Ine., Waterbury, Conn. Mr. 
Innes was formerly research engineer in 
the Research Laboratories Division, 


General Motors Corp., Detroit, Mich. 
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B. Roperts has Sylva 
Electric Products, Ine., hing. \ y 
to become Chief Research Chemis; TI 
Sarkes Tarzian, Inc., Rectiticr Divisio 
Bloomington, Ind. 


RoGer G. Sweer of Kenner 


Copper Corp., formerly of Bey; Tel 
Ohio, has been transferred to the oe, M 
pany’s office at 161 East 42 St. yim! 
York, N. Y. 


\ 


GroRGE GLOCKLER, Department 
Chemistry, State University of Ioyg 
Iowa City, has joined the Ordnand 
Research staff of Duke Universi 
Durham, N.C. 


J. R. Smirn, The Electric Story 
Battery Company, Philadelphia, Pp 
is now located at this company’s pla 
in Fairfield, Conn. 


Lyte I. GILBERTSON is now at A 
Reduction Company, Ine., Resea) 
Laboratories, Murray Hill, N. J. \ 
Gilbertson was previously at Aiooj 
New York office. 


NATHANIEL Consulting Eng 
neer, formerly located in Newark, N.! 
has opened an office and _ laborate 
at 239 Waverly Avenue, Brook! 


SECTION NEWS 


New York Metropolitan Sectio 


The last meeting of the season, hiii- 
on May 14th, was Ladies’ Night and 
large turnout of members and the 
ladies enjoyed an evening of sociabilit 
as well as an excellent presentation 0! 
the subject of soaps and _ syntheti 
detergents. This was given by a well 
known expert in this field, Dr. Cornel 
T. Snell. The many questions from t 
floor were sufficient evidence that )) 
Snell had held the attention of lie 
audience. 

Favors of flowers and door prizes! 
the ladies added to the festive natu® 
of the occasion. 

At a short business meeting precedili 
the program, the following officers wert 
elected for the coming year. 

Chairman—A. C. Loonam 

Vice-Chairman—Herbert Bandes 

Secretary-Treasurer—F. A. Lowel 

heim 

Executive Committee—J. 8. Mack: 

ex officio, M. B. Diggin, M. ! 
Quaely, C. V. King. 
F. A. Lowennerm, Secretary-T reasw 
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San Francisco Section 


The gue-t speaker at the March 19th 
eeting oi the San Francisco Section 
Donald K. Lippincott of the law 
«) of Lippincott and Smith, San 
rancisco. The subject of his talk was 
Television.” 

\lr, Lippineott introduced his topic 

. discussing the developments leading 

» television as we know it today—from 
»: very beginnings back in 1837 when 
Norse made his initial inventions. Mr. 
Lippincott’s remarks throughout this 

wt of his talk were made especially 
steresting because of the very close 
ntact he has maintained with Charles 
Fymsworth who has probably made as 
reat a contribution to the development 

‘television as any other single person. 
Personal anecdotes of the speaker’s 

yeriences during some of the legal 

ceedings connected with television 
inventions were also most entertaining. 

Mr. Lippincott devoted the latter 
part of his talk to a discussion of the 
etting up of standards by the FCC 
bnd radio and television manufacturers 

and how they will affect the future. 
He also discussed color television in its 
present stage of development and its 
probable effects on the future of the 
industry. 

The speech was delivered in a highly 
nteresting manner and was thoroughly 
enjoyed by all who attended. 

R. F. Secretary-Treasurer 


NEW MEMBERS 


In May 1952, the following were 
elected to membership in The Electro- 
chemical Society : 


Active Members 


Joseph D. Agzenstapt, Ran Ltd., 
P.O. Box 648, Tel-Aviv, Israel (Bat- 
tery) 

N. Carson, Jr., General 
Electrie Company, mailing add: 1308 
Putnam, Richland, Washington 

AytHony R, Crurrrepa, Standard Oil 
Development Company, mailing add: 
75 West Hill Rd., Colonia, N. J. 
(Corrosion) 

‘HARLES H. CLapHam, Jr., Tele-Ray 
Tube Company, mailing add: 19 
Saranac St., Dobbs Ferry, N. Y. 
(Electronics) 

Prescorr R. Dickinson, General Elec- 
trie Company, Chemical Products 
Works, 1099 Ivanhoe Rd., Cleveland, 
Ohio (Electronics) 

Pair H. Philips Labora- 
tories, Ine., mailing add: 22 Mid- 
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chester Ave., White Plains, N. Y. 
(Electronics) 

Artour C. Haskeu, Jr., National 
Lead Company, mailing add: 420 
Southwood Dr., Kenmore, N. Y. 
(Electrothermic) 

Ray C. HuaGues, Philips Laboratories, 
Inc., Irvington-on-Hudson, N. Y. 
(Electronics) 

Avois J. Kauirexz, Allied Chemical & 
Dye Corporation, mailing add: 509 
Summit Ave., Syracuse, N. Y. (In- 
dustrial Electrolytic) 

Rotanp P. Korurine, Moraine Prod- 
ucts Division, General Motors Corp., 
1420 Wisconsin Blvd., Dayton, Ohio 
(Corrosion, Electrodeposition, Elec- 
trothermic and Theoretical Electro- 
chemistry) 

Epwarp L. Linp, Radio Corporation of 
America, Princeton, N. J. (Elec- 
tronics) 

J. W. Lovetanp, Sun Oil Company, 
Research Laboratory, Norwood, Pa. 
(Electronics) 

Metvin L. Manninec, Pennsylvania 
Transformer Company, Canonsburg, 
Pa. (Electric Insulation) 

Vincent P. McConne General Elec- 
tric Company, mailing add: 269 
Whittier Ave., Syracuse, N. Y. 
(Corrosion and Electrodeposition) 

Cuartes F. Minter, 105 Maryland 
Hall, The Johns Hopkins University, 
Baltimore, Md. (Electric Insulation 
and Theoretical Electrochemistry) 

Rosert A. Over, Solvay Process Divi- 
sion, Allied Chemical & Dye Corpora- 
tion, mailing add: 1150 Bellevue Ave., 
Syracuse, N. Y. (Industrial Electro- 
lytic) 

K. S. Rasacopatan, Technical De- 
velopment Establishment Laboratory 
Stores, Kanpur, India (Electrodep- 
osition and Theoretical Electro- 
chemistry) 

W. E. Rurner, Argonne National 
Laboratory, mailing add: 3827 Har- 
vard, Skokie, Ill. (Theoretical Elec- 
trochemistry) 

W. W. Setuers, Jr., International 
Nickel Company, mailing add: 153- 
10 6lst Rd., Flushing, L. I., N. Y. 
(Electrodeposition) 

Russet. B. Snyper, Rauland 
Corporation, mailing add: 4245 N. 
Knox Ave., Chicago, Ill. (Electronics) 

Joun C. Srant, U. 8S. Bureau of Mines, 
mailing add: Box 82, Rolla, Mo. 
(Electrodeposition and Theoretical 
Electrochemistry) 

Martin E. SrrauManis, School of 
Mines and Metallurgy, Department 
of Metallurgy, Rolla, Mo. (Corrosion 
and Theoretical Electrochemistry) 


167C 


Kenneth M. Taytor, Carborundum 
Company, mailing add: 1045 River 
Rd., Lewiston, N. Y. (Electronics) 

Rosert C. Turner, Division of Chem- 
istry, Science Service Bldg., Ottawa, 
Ontario, Canada (Theoretical Elec- 
trochemistry) 

Ropcer D. VENEKLASEN, National 
Research Corporation, 70 Memorial 
Dr., Cambridge Mass. (Electronics, 
Electrothermics, and Industrial Elec- 
trolytic) 

V. A. WenTeE, Naval Research Labora- 
tory, mailing add: 2715 30th St. 8. E., 
Washington, D. C. (Electric Insula- 
tion) 

Cuarues R. Witke, College of Chem- 
istry, University of California, Berk- 
eley, Calif. (Battery, Industrial Elec- 
trolytic, and Theoretical Electro- 
chemistry) 


Reinstatement 


C. Arse, Office of Naval Re- 
search, mailing add: 5520 Glenwood 
Rd., Bethesda, Md. (Battery, In- 
dustrial Electrolytic, and Theoretical 
Electrochemistry) 


Associate Members 


Wituiam W. Farrcnok, The Cleveland 
Electric Illuminating Company, mail- 
ing add: 1840 E. 97th St., Cleveland, 
Ohio (Electrothermice and Industrial 
Electrolytic) 

Davip E. Kinney, General Electric 
Company, mailing add: 2346 Euclid 
Heights Blvd., Cleveland, Ohio (Elec- 
tronics) 

Auan L. Department of 
Chemistry, University of Connecti- 
cut, Storrs, Conn. (Theoretical Elec- 
trochemistry) 

Wituiam H. Repanz, Columbia Uni- 
versity, mailing add: 421 E. 72 St., 
New York, N. Y. (Theoretical Elee- 
trochemistry) 

Student Associate Members 

CuIEN-YEN CHENG, University of Mich- 
igan, mailing add: 524 Packard St., 
Ann Arbor, Mich. (Industrial Elee- 
trolytic. an? Theoretical Electro- 
chemistry) 

Joun D. Movius, Stevens Institute of 
Technology, mailing add: 812 Castle 
Point Terr., Hoboken, N. J. (Cor- 
rosion) 


Correction 


In the paper by 8. Pakswer and P. 
Intiso entitled “Liquid Settled Lumi- 
nescent Screens” published in the April 
issue of the JouRNAL, p. 164, the Greek 
letter ““Xi’”’ was used in place of “‘Zeta”’ 
in referring to the “Zeta potential.” 
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LETTER TO THE 
EDITOR 


Influence of Electrolyte pH on emf 
of LeClanche Cells 


Dear Sir: 

Previous work' has shown that the 
emf of Leclanché cells is influenced by 
the pH of the electrolyte which is in 
direct contact with the MnO, particles. 
In dry cells this part of the electrolyte, 
which is contained in the pores of the 
bobbins and which will be called herein- 
after ‘“‘the catholyte,” is responsible 
for part of the emf drop during shelf life 
and during. discharge of the cells. 

To prove this, cells were subjected to 
(A) a heavy continuous discharge, 
whereby the catholyte pH is increased 
steadily by the NH, in the bobbin, and 
(B) a light intermittent discharge. 
Catholyte pH and emf remain constant 
after some time. 

Test procedure—Uniformly prepared 
dry cells (size “B’’) were discharged 
through 5 ohms per cell. Some of the 
cells were opened at various states of 
discharge, their bobbins ground and 
extracted with 50 ml water each. This 
amounts to a dilution of the original 
quantity of catholyte of about 40-fold. 
The pH was measured in the extract 
after filtration. 

In test A the emf of the unused cells 
was 1.63 v and the pH of the (40-times 
diluted) catholyte was 4.8. The closed 
circuit voltage (cev) through 5 ohms, of 
1.53 v, dropped after 4 hours’ discharge 
time to 0.80 v. Then the circuit was 
opened. After one hour rest the emf 
had risen to 1.05 v, the pH of the (40- 
times diluted) catholyte was 8.0. After 
36 hours’ rest the emf increased to 1.20 
v. Now, the eev was 0.86 v and dropped 
in the following 3.5 hours to 0.55 v. 
The total discharge time was 4 + 3.5 = 
7.5 hours. Two hours after the circuit 
was opened the emf was 0.76 v, the 
catholyte pH 9.4. Table I shows the 
results. 

In test B an intermittent discharge 


TABLE IL. Test A, continuous discharge 
5 ohms, cells B 


| pH catho- 


Cells emf yte (40 X 
diluted) 
Unused cells......... 1.63 v 4.8 
After 4 hours 
discharge.......... 8.0 
After 7.5 hours | 


discharge.......... 0.76 v 9.4 


1C, DrorscHMANN, Metall, 1948, 37-41 
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TABLE IL. Test B, intermittent discharge, 
5 ohms, 10 min per day 


H cath- 
Xdiluted) 


Unused cells.......... 1.63) 


4.8 1.53 
After 3 days (30 min). 1.87 6.4 |1.43 
After 10 days (100 min)|1.46| 7.1 |1.30 
After 28 days"(280 min)|1.30| 7.3 (0.82 
After 54 days (540 min)/1.30| 7.3 (0.72 


through 5 ohms, 10 min per day, gave 
the results listed in Table II. 

It is to be understood that the figures 
given above do not allow a calculation 
of a fixed ratio, 4 emf: ApH, for the 
following three reasons: 

1. There are still other reactions in a 
dry cell influencing the emf of the 
bobbin next to the catholyte pH. 

2. The pH measured and noted 
above was obtained in solutions contain- 
ing the catholyte 40-times diluted with 
water. A calculation of the true pH 
value of the (very thin) electrolyte 
layer in direct contact with the surfaces 
of the MnO, particles is not advisable, 
as it is experimentally impossible to 
separate this very thin electrolyte layer 
from the electrolyte contained in the 
comparatively large spaces of the 
bobbin pores. 

3. The emf of the whole galvanic 
cell was measured. To calculate the 
emf:pH ratio, the influence of the 
acidification of the anolyte during dis- 
charge should be measured as well and 
its influence on the cell emf taken into 
consideration. With this reservation, 
there is no doubt that the emf of 
Leclanché cells is influenced by the 
pH of the catholyte. 

C. DrorscHMANN 
Utrecht, The Netherlands 


BOOK REVIEWS 


Corrosion, CAUSES AND PREVENTION, 
3rd ed., by Frank N. Speller. Pub- 
lished by McGraw Hill Book Com- 
pany, New York, 1951. 686 pages, 
$10.00. 

In 1926, when the first edition of this 
book was completed, corrosion control 
was in the working vocabulary of not 
more than a handful of engineers. The 
subject up to that time made but small 
impress on either industries or univer- 
sities, and the corrosion engineer was 
still in the distant future. But the pic- 
ture changed rapidly, and _ technical 
contributions both from this country 
and abroad opened up a new field of 
knowledge that proved to be of major 
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concern to all industries, a: to 4 wor, 
population faced with shri: king mets 
supplies and an urgent need to up 
serve human and materia! resours 

“Corrosion, Causes and |’ reventign" 
provided the first systematic guide 4, 
the diverse trails, traverses, footho\i 
and other climbing techniques jn th, 
new field of corrosion engineering 
Many are the individuals and grow 
who avoided getting their toes stubbej 
or missing the trail by reference to this 
early Baedeker. Frank Speller, in tip 
present 3rd edition of what might }p 
termed his introduction to corrosion 
engineering, is now able to write, “The 
fact that millions are now being profit 
ably spent every year under the super 
vision of hundreds of skilled corrosigy 
engineers to mitigate such losses ind 
cates that corrosion is now recognized 
as a major problem.” It must be wit 
considerable satisfaction that this state. 
ment is made by one who devoted , 
lifetime to mitigating corrosion, ané 
who as “Dean of Corrosion Engineers 
witnesses today the growing maturit) 
of a subject he nurtured and encourage! 
so patiently. 

The 3rd edition, like those that pre 
ceded it, contains a wealth of informa 
tion on factors affecting corrosion o/ 
iron and steel, and is concerned almost 
entirely with ferrous metals. The cur 
rent pertinent data on this subject 
obtained by many investigators, and 
scattered over a broad cross section 0! 
the technical literature, have bee 
conveniently assembled and summar 
ized in this volume. The second cha 
ter on theory has been supplemented 
and extended. The third and four! 
chapters on “Influence of Methods 0 
Manufacture and Treatment” 0 
“Factors Internal to the Metal,” con 
tinue to ve classical treatments of thes 
subjects. They reflect the intimate 
knowledge gained by the author throug! 
his close association with the steel works 
over many years. There is no book that 
handles this phase of the matter 
thoroughly, nor as authoritative! 
It is in this section that Dr. Spelle 
gives advice to the younger generati0' 
well worth heeding. “To obtain a hit! 
grade uniform product,” he states, 
well as quantity production, it is 
great advantage for one organization 
to have complete control of all oper 
tions from the mining of the ore to th 
finished product.” And again, “I 
should be understood that, for mal 
purposes, a high standard of qualit 
is more important than large tonnst 
records.” 
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iscussion is included for the first 


& World Ad 
Ng time on th influence of micro-organisms 
to oon  corrosi« —further proof of the — 
e801Uroe nlexity of -orrosion and its broad rami- 
Vention fl cations. Also, a chapter has been added 
Buide ton cathodic protection, the field of 
otholds fll activity which did more than any other 
s in the to initiate the corrosion engineer, and 
‘neering yhich proved how valuable he could be 
grout) industry. Discussion of corrosion 
‘stubboifilifistigue has been augmented, and there 


brief mention of stress corrosion 
~acking and fretting corrosion, all 
sibjects of great importance to the 
yechanical and chemical engineer but 


€ to this 
r, in the 
night he 


COrTOSion 

te, “Thell—sbout which so little is ‘known. These 
in a rapidly growing subject 
Ne superfmmmust someday be filled in by present 


future corrosion investigators. The 


Ses indi M™_Appendix has been expanded and con- 
cognizelflmltains much useful information such as 
be withllilieeneral conversion factors, glossary of 


terms used in corrosion, and a treatment 
» factors in metal selection. 

In the last chapter we read, “... 
such has been accomplished to reduce 
he ravages of corrosion, and it may 
how be said that there are very few 


his state. 
evoted 
ion, and 
ygineers’ 
maturit 


couraged 
tuations where some economical rem- 

that pre-Mllmedy cannot be applied by changing the 
informa-fienvironment, by isolating the metal. 
‘osion offfifrom destructive environment, or by 
d almost{MMuilding up corrosion resistance of the 
The And finally, “...as in research 
subject affects public health, ... more 
ors, andfimmwork should be done on the study of the 
ection off/undamentals in order that corrosion 
ve beenfiMprevention may be put on a sound 
basis.”’ Dr. Speller has con- 
nd chap-{ributed personally to the accumula- 
lementel fion of such basic knowledge and, in 
1 fourth MBddition, by completing the 3rd edition 
thods of MMi his useful book has provided another 
t” and ung to the ladder by which others may 
il,” con- fPlimb up and view the world of science 
of these technology beyond the present 
intimate Horizons. 
‘throug! H. H. 
works 
ook ths! FLow in Pires by Clifford H. 
fg McClain. Published by The Indus- 
— trial Press, New York. 123 pages, 
Speller 
a hi first chapter of this book is 
“us “Dimensions of Fluid Proper. 
it is «and discusses weight, specific 
nization the ideal gas law, velocity 
| opers- mee", ete. The second chapter, on 
e to the ME iscosity of Fluids,” derives Poiseuil- 
in, “It MP’ law, and the equation for rotational 
yr many MeScometers (neglecting, however, the 
quality H#sriation in radius). It also gives the 
tonnage 


Verage empirical equations for the 
mamere':! capillary efflux viscometers. 
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In a derivation of the Saybolt equation, 
however, two mistakes are made—the 
capillary length is subtracted from 
total head, and the arithmetic mean 
instead of the logarithmic mean head is 
employed. The Walther and Sutherland 
equations for effect of temperature on 
viscosity are also given. The chapter 
on “Effect of Piping on Fluid Flow” 
discusses Reynold’s Number and gives 
the Moody friction factor and rough- 
ness charts. The fourth chapter on 
“Design Practice” applies Bernoulli’s 
principle to several cases and gives 
discharge coefficients for orifices and 
fittings, ete. 

This book is nicely printed on thick 
paper, clearly written, and adequately 
illustrated. It evidently can serve as a 
text in the minimum essentials of fluid 
flow for one with no previous contact 
with the theory of the subject. 


CHARLES F. 


GMeELINS HaNpBUCH DER ANORGANIS- 
CHEN CHEMIE. System No. 41 Trran. 
Gmelin Institute, Clausthal-Zeller- 
feld. Published by Verlag Chemie, 
GMBH, Weinheim /Bergstrasse, 1952. 
Available in the U. 8S. from Walter 
J. Johnson, Inc., and Stechert-Hafner, 
Inc., New York. 481 pages, DM 113. 
After Du Mont’s titanium biblio- 

graphy and after Barksdale’s titanium 

monograph, Gmelin’s Trran rounds up 
our field of knowledge of this element. 

It would hardly be possible to cram more 

information in the 481 pages of this 

book, which is written with Gmelin’s 
traditional care and _ thoroughness. 

Thanks to the assistance given by the 

American Chemical Society, the liter- 
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ature references of the United States 
have been fully recorded up to the end 
of December 1949. The title pages men- 
tion twenty-five collaborators of the 
volume by name. It appears that this 
colossal work is the most important, 
contribution to the chemistry of ti- 
tanium of the present time, not only 
because of the completeness of its biblio- 
graphical data, but also because of its 
cautious scanning of the material pre- 
sented. 

The first 78 pages concern the oc- 
curence of titanium, the kind of minerals 
in which it is found, their way of forma- 
tion, and their physical and chemical 
properties. The next 38 pages cover the 
production of titanium oxide, including 
pigment. The revolutionary new process 
for producing pigment without using 
any sulfur, which is based on the com- 
bustion of titanium tetrachloride with 
oxygen or oxidizing gases, is described 
on one-third of a page, yet more than 
two dozen references are brought out. 
Ore dressing, breaking up of the minerals 
with acids or alkalies, hydrolysis of 
sulfate solutions, production of seed 
solutions, purification of the precipitate 
and its calcination are exhaustively 
given. So numerous are the references 
in some places that they represent well 
over fifty per cent of the text. 

The 11 pages following the above 
concern the production of the metal. 
It would appear impossible to condense 
so much material on so few pages if 
it was not cut down to the essentials, 
yet the reduction of TiO. with C, CO, 
He, CaC2, CaH,, Ca, Mg, Na, Si, Al 
and that of TiCl, with Si, He, Na, Ca, 
Mg is well covered. The reduction of 
double fluorides and of various halides 
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by other elements or by fusion electrol- 
ysis is stressed, and the dissociation of 
the iodide is described fairly completely. 
Four pages are devoted to the produc- 
tion of the pure metal and to that of 
its various forms such as powder or 
coatings. 

The physical properties comprising 
atom structure, crystallographic, mecha- 
nical, thermal, optical, magnetic, and 
electrical characteristics are discussed 
on 54 pages. The electrochemical be- 
havior is shown on 3 pages, the chemical 
activity on 9. This comprises corrosion, 
alloy formation, production of oxides, 
sulfides, carbides, nitrides, and halo- 
genides. The alloys, namely those with 
Be, Zn, Cd, Hg, Ga, In, and La, are 
treated on two pages only. The system 
titanium-hydrogen covers 7 pages, the 
oxides take 60, in which production 
methods, physical and chemical proper- 
ties are duly considered. Fifteen pages 
take care of the system titanium- 
nitrogen. The fluorides are treated on 
2 pages, the chlorides on 35, the bro- 
mides on 7, and the iodides on 5. The 
sulfides are spread over 15 pages. 

The next chapters concern the com- 
pounds, intermetallic and others, of 
titanium with Se, Te, B, C, Si, P, As, 
Sb, Li, Na, K, NHy, Rb, Cs, Be, Ca, 
Sr, Zn, Cd, Hg, Th, and rare earths. 
It would be beyond the scope of the 
present review even to try to give an 
idea about the vastness of the informa- 
tion offered here, but it may suffice to 
mention as an example that the physical 
properties of titanates, comprising the 
complicated dielectric phenomena, are 
reviewed in a number of sections with 
exhaustive bibliographical data. The 
rest of the book treats the chemical 
reactions of various titanium salts. 

A publication such as this can of 
course not be read as a whole; it can 
only be used page-wise for its references. 
It forces even the expert to modesty 
and should be the best source of data 
for inventors and for their counterparts, 
the patent examiners. A careful look 
shows, however, how little we really 
know positively about the element 
titanium, despite the fact that a book 
of so many pages could be written about 
this subject. Great progress in tech- 
niques is usually brought about by 
pioneers with little knowledge, who do 
not wait for the men in the ivory towers 
to catch up with basic data. Our present 
search for cheaper titanium production 
methods is severely handicapped by 
this lack of basic knowledge. Would it 
not be advisable to spend some of the 
millions, wasted today in ignorance, 
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to underwirte basic titanium research 
in universities and in similar institu- 
tions? The new Gmelin, despite the 
fact that our knowledge of titanium 
chemistry is still so sketchy, will be 
found on the book shelves of everybody 
engaged in the titanium field. The need 
for a good translation is evident. 

W. J. Kroun 


TEXTBOOK OF ELECTROCHEMISTRY, Vol- 
ume II, by G. Kortiim and J. O’M. 
Bockris. Published by Elsevier Press, 
Inc., Houston, Texas, 1951. xiii 
plus 530 pages, $10.00. 

Volume I of this Textbook was re- 
viewed in the JourNAL, in February, 
1952, page 43C. The two volumes have 
continuous numbering of page and 
chapter, and a single index at the end 
of Vol. IL; it would have been helpful 
and not impossible to have put the 
book in one cover. 

Chapter X deals with interfaces— 
electrocapillary phenomena, double 
layer theory, electrophoresis, and re- 
lated topics. Chapter XI treats irre- 
versible electrode processes; overpoten- 
tial and those processes (isotope sepa- 
ration, deposition, oxidation, reduction, 
dissolution) which are dependent on or 
greatly influenced by overpotential; 
passivity, electrochemical corrosion, 
electrolysis of high temperature melts. 
There is an interesting section on 
fuel cells. To achieve brevity, unfor- 
tunately only a few electrolytic reactions 
are discussed. A wrong impression of the 
Kolbe synthesis is given since many 
higher fatty acids actually do yield 
alkanes. 

Chapter XII is on electrical processes 
in gases, with sections on the mecha- 
nism of conduction and the nature of 
discharges, and on chemical reactions 
caused or influenced by electrical dis- 
charge. This chapter has not been as 
thoroughly modernized as most of the 
book has. 

Chapter XIII, written by Roger 
Parsons, attempts to give some idea 
of the many experimental methods 
available for electrochemical work. 
Since in 85 pages all descriptions must 
be brief if an adequate variety of 
methods even receive mention, the 
author supplements his presentation 
with some 330 literature references. 
Many readers will wish that certain 
topics, such as electroanalytical methods, 
could have been covered more thor- 
oughly. 

Chapter XIV consists of 160 pages of 
numerical data, tabulated by B. E. 
Conway. These include universal con- 
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stants, physical propertic. (ionic , 
tropy, radii, polarizabilit\, diel 
constants), osmotic and a: tivity evel 
cients, conductance, transi renee ee 
bers, diffusion coefficients. pH of be 
fers; and standard electrode potenti 
The accuracy or precision of the dy 
is evaluated so far as possi! le and 
760 references to sources are sal 
These tables will be enormously se 
but it is to be deplored that auth 
find it necessary to incorporate a 
tables in books of this type. Mode 
“International Critical Tables,” 
really complete coverage of data, ; 
badly needed. 

One hundred and twenty examplf 
and problems complete the by 
These range from simple numer 
problems to rather difficult derivatiy 
and extended computations. Ansye 
are given as well as methods of work 
the more difficult examples. 

This volume has fewer proofreade 
errors than Vol. I. To mention a {q 
Hickling is misspelled MacKling 
583); Droz is misspelled Dros: 
580); on p. 803 the exponents of } 
K, are reversed. One wonders if 
numerical data in Chapter XIV ba 
been carefully checked. 

The book is highly recommended i 
just those it was primarily intended 
serve: students who need a good ba 
ground in physical chemistry wi 
emphasis on the electrochemical 
pects. It will be useful to others wi 
wish to modernize their background‘ 
find quick reference to some topic 
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Corrosion Gutpe by Eric Rabul 
Published by Elsevier Press, In 
Houston, Texas, 1951. 629 
$12.50. 

This book is essentially a compilati 
of tables listing the chemical resistat 
of about 40 materials of construct 
with respect to about 250 corral 
substances, the latter arranged aij! 
betically. The tables are similar 
those of the German Dechema, ! 
summarize current experience 
terials of construction in the chem! 
industry. 

Materials of construction are ls 
fied as: Practically resistant, j« 
resistant, not resistant but used in pf 
tice, and unusable. The corrosion ™ 
when given, are in the units of ml 
meters per year or grams per i! 
meter per day, which is 1/10th thei! 
used in this country, namely, snilligs 
per square decimeter per day (m 
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re mechaiics of publishing the tables 
,s unfortunately left many partly 
unk pages whieh add to the cost and 
of the book. 

The volume is introduced by a general 
of corrosion and corrosion 
vst methods. The author takes an 
necessarily dim view of potential 
yasurements, perhaps because he ex- 
vets strict parallelism with corrosion 
ste. Even though this parallelism 
ies not exist generally, it is un- 
ortunate to have the reader remain 
‘ith the impression that measurements 
{this kind are not useful. In cathodic 
yotection alone, measurements of po- 
entials are important. 

A few errors of statement occur. On 
wge 20, it is said that iron corrodes 
nly slightly in distilled water because 
he conductivity is low, Actually, the 
orrosion rate is often higher in dis- 
led water than in natural waters 
the conductivities are consider- 
bly greater. On page 23, it is said 
hat carbon dioxide from the atmosphere 
sually accentuates corrosion, although 
\. H. Walker in 1907, and Whitman 


pid Russell in 1923, showed that carbon 
lioxide of the atmosphere was not 
pecially significant with regard to 


he corrosion rate of iron exposed to 
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the atmosphere or totally immersed. 
Figure 14 mentions “austenite steel,’’ 
whereas probably austenitic 18 8 stain- 
less steel is meant. At the bottom of 
page 41, 18-8 stainless steel is said to 
be sensitized to intercrystalline corro- 
sion by “longer heating to 600° and 
slow cooling,” whereas what is probably 
intended is ‘‘heating at 600°C, or slow 
cooling through 350°-800°C sensitizes 
18-8.” 

Some misunderstanding may occur 
through what appears to be terms trans- 
lated from the German. On page 10, 
for example, it is said that the potential 
is “refined” owing to amalgamation. 
Similarly, iron is said to enter solution 
in the “hydratised” form. On page 21, 
potassium ferricyanide becomes “ferric 
potassium cyanide.”’ “Blank” test has 
been translated “blind” test on page 37. 
There are other instances of the same 
kind. 

The tables contain a great deal of 
useful practical information, some of 
which has apparently not been pub- 
lished before. The book should be helpful 
to the chemical engineer, who has some 
experience with materials of construc- 
tion, and who is concerned with the 
construction of new equipment, or who 
is anxious to compare his present prac- 
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tice with that representative of a broad 
cross section of the chemical industry. 
It will probably not be as useful to the 
engineer who through lack of experience 
is unable to exercise some judgment in 
applying the information. 

H. H. Unie 


THe WELDING oF Non-Ferrovus METALS 
by E. G. West. Published by John 
Wiley & Sons, Inc., New York, 1951. 
x plus 553 pages, $8.50. 

This is a good general text on the 
welding of nonferrous alloys. The book 
is essentially designed to aid all those 
who actually wish to weld in practice. 
The metallurgy presented appears sound. 
Relatively large sections of the book are 
devoted to timely information pertain- 
ing to the welding of aluminum, mag- 
nesium, and their alloys. Very little 
material is presented on automatic 
processes. The illustrations and charts 
are numerous and excellent. 


E. E. ScHUMACHER 


RECENT PATENTS 


Selected for electrochemists by Fred. 
W. Dodson, Chairman of the Patent 
Committee, from the Official Gazette 


February 26, 1952 


Hoégel, L., and Jaekel, J., 2,587,045, 
Clamping Device for Electrodes of 
Are Furnaces 

Victoreen, J. A., 2,587,254, Indicating 
Pocket Ionization Chamber 

Seaver, J. D., 2,587,391, Thermocouple 


March 4, 1952 


Butler, K. H., 2,587,592, Barium Meso- 
trisilicate Phosphor 

Konrad, E. H., and Eustis, W. E. C., 
2,587,630, Method for Electrodeposi- 
tion of Iron in the Form of Con- 
tinuous Strips 

Rojas, F. A., 2,587,651, Method and 
Means for the Electrodeposition of 
Chromium 

Horswell, A. H., and Horswell, A. H., 
Jr., 2,587,727, Tiltable Induction 
Furnace 

Jones, D. E., and Ryde, J. W., 2,588,- 
008, Germanium Crystal Rectifiers 
and Method of Producing the Crys- 
tal Element Thereof 

Perkins, M. A., and Couper, M., 
2,588,041, Separation of Metal Values 
in Fluoride Compositions 

Smith, W. A., 2,588,170, Secondary 

Battery 
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Lark-Horovitz, K., and Whaley, R. M., 
2,588,253, Alloys and Rectifiers Made 
Thereof 

Lark-Horovitz, K., Benzer, 8., and 
Davis, R. E., 2,588,254, Photoelec- 
tric and Thermoelectric Device Util- 
izing Semiconducting Material 


March 11, 1952 


Watkins, F. M., 2,588,441, Prevention 
of Corrosion 

Zadra, J. B., 2,588,450, Process of Re- 
generating Activated Carbon Loaded 
with Adsorbed Gold 

Findley, H. J., 2,588,508, Thermoelec- 
tric Generator 

Peaslee, R. L., 2,588,566, Electrolytic 
Process for Stripping Copper 

Ge-henour, R. B., and Gochenour, A. 
M., 2,588,716, Process and Apparatus 
for the Irradiation of Liquids 

Kolodney, M., 2,588,734, Pretreatment 
of Beryllium Prior to Coating 

Tanner, G. 8., 2,588,776, Apparatus 
for Testing Storage Batteries 

Cubitt, R. H., and Sell, R. G., 2,588,- 
806, Alternating Current Rectifier 
of the Dry Surface Contact Type 

Davis, J. V., 2,588,910, Anode Shifting 
Device 

Carlson, T., 2,588,962, Flashlight and 
Hearing Aid Battery Booster 

Troy, W. C., 2,588,998, Therm ocouple 

Galasso, A. A., 2,589,071, Battery 
Holder 

Olson, A., 2,589,122, Battery Terminal 
Connector 

Weinrich, A. R., 2,589,175, Aluminum 
Base Alloy for Metal Evaporation 


March 18, 1952 


Smith, A. D., 2,589,301, Electric Melt- 
ing Furnace 

Smith, A. L. J., 2,589,513, Method of 
Making Titanium Activated Cal- 
cium Magnesium Silicate Phosphor 

Smith, G. B. L., and Leeds, M. W., 
2,589,635, Electrochemical Process 

Dickover, M. W., 2,589,681, Battery 
Plate 

Governale, L. J., Huguet, J. H., and 
Neher, C. M., 2,589,689, Photochem- 
ical Chlorination Process 

Wood, W. 8., and Clennett, G., and 
Hulland, H. L. 2,589,982, Electroly- 
tic Production of Ammonium Persul- 
fate Solutions 


Mareh 25, 1952 
Wilke, M. E., 2,590,284, Electric 
Terminal for Dry Batteries 
Janser, A. M. J., and Townsend, C. §8., 
2,590,323, Electrical Apparatus 
Isenberg, 8., 2,590,411, Cerium Acti- 
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vated Aluminate Phosphors Active 
in the Erythemal Range 

Loverde, A., 2,590,426, Process for 
Photochemical Chlorination of Hy- 
drocarbons 

Taylor, R. L., 2,590,584, Sea-Water 
Battery 

Miescher, K., Ehmann, L., and Wett- 
stein, A., 2,590,637, Direct Halogena- 
tion of Steroids with an Unsaturated 
Side Chain in 17-Position and the 
Dehydrohalogenation of Resultant 
Products 

Rosenberg, D. 8., 2,590,651, After- 
Chlorination of Polyvinyl Chloride 

Homan, J., 2,590,703, Storage Battery 
Plate and Method of Forming Same 

Vitale, A. S., 2,590,804, Battery Casing 

Roehrl, B. C., 2,590,824, Battery 


April 1, 1952 


Brandt, W. H., Rider, M. W., and West- 
phal, R. C., 2,590,927, Electrolytic 
Method of Removing Burrs 

Gray, R., 2,590,960, Electrolyte Level 
Indicator and Antisplash Device for 
Electric Accumulators 

Berman, H. and Prupis, R. I., 2,591,042, 
Apparatus for Electrolytic Treatment 
of Spaced Metallic Elements 

Héraud, A., 2,591,355, Electric Battery 
Composed of Flat Elements 

Ward, H. K., 2,591,479, Method of and 
Solution for Coating Surfaces Chiefly 
of Zine 

Fox, A. L., 2,591,532, Depolarizer for 
Primary Cells 


April 8, 1952 

Lubatti, E., 2,591,708, Electric Glass 
Furnace 

Lubatti, E., 2,591,709, Furnace Elec- 
trode 

Wilson, H. D., and Quick, J. H., 2,591- 
754, Battery Separator 

Wilson, H. D., and Popper, C., 2,591- 
755, Storage Battery Separator 

Jones, T. C., and Jones, Anna C., execu- 
trix of said T. C. Jones, deceased, 
2,591,826, Galvanic Water Cor.ection 
Device 

Carroll, 
Source 

Howell, W. N., and Hill, H., 2,592,144, 
Process for the Electrolytic Produc- 
tion of Fluorine 

Stamper, W. Y., 2,592,207, Portable 
Battery 

Fonda, G. R., 2,592,261, Halophosphate 
Phosphors 

Lee, V. A., 2,592,439, Dry Cell Seal 
Closure 

Moore, R. J., and Wachter, A., 2,592- 
451, Vapor Phase Corrosion Inhibition 


C. C., 2,592,115, Neutron 
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LITERATURE 
FROM INDUSTRY 


Crrcurr BREAKERS. A con,plete study 
of Type AB circuit breakers js given j 
a new 35-page booklet. A short histor 
of their development is included aj 
the fundamental operating principles g 
the modern units are discussed, Woy 
inghouse Electric Corporation. 


Vacuum TuBE ELEcTROMY TERS. Voy 
eight-page bulletin describes the jy 
struments in complete detail and giy 
application diagrams of 17 basic ys 


Accessories also included. 
Instruments. P-4g 
ADHESION OF NICKEL Deposrs 


7-page publication well annotated wit 
illustrations and tables. Satisfactory 
pretreating cycles for preparing hig 
and low carbon steels, cast iron, wroug)t 
iron, alloy steels and irons, nickel and 
composite surfaces of nickel and sted 
are given. International Nickel! (Con. 
pany, Ine. 


“Deeminac.” Descriptive literatur 
is available on a handy, simple, a 
most economical device for making m 
water chemically pure. The new device 
—called ‘“Deeminac’—is claimed 
provide water equivalent in ionic purt 
to that produced by triple distillatio 
E. Machlett & Son. P-4h 


To receive further informatron | 
on any product or process listed | 
here send inquiry, with key nun- | 
ber, to JOURNAL of The Electro- | 
chemical Society, 235 West 102nd 
Street, New York 25, N. Y. 


Please print your name and ad- 
dress plainly. | 


EMPLOYMENT 
SITUATIONS 


Position Wanted 


Exvecrrocuemist, M.S., 7 years 
search and development experience " 
primary and storage batteries; also “ 
cellent theoretical background in elect! 
organics and electrometallurgy. Des" 
position in the New York metropolitt! 
area. Reply to Box 348. 
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Primary Batteries 1902-1952 


Tux YEAR in which The Electrochemical Society was founded 
may be said to mark the end and beginning of two important eras in primary-battery 
history. During the first seventy-five years of the preceding century the primary battery 
was the only practical source of continuous electric current, thereafter yielding gradually 
to the Gramme dynamo. As the high-power primary-battery era was drawing to a close 
about 1902, the present era of ever-smaller portable primary cells and batteries was start- 
ing, with the Leclanché-type flashlight-size dry cell just beginning to be marketed. Other 
cell systems have been developed and marketed since then but the dry cell continues to 
dominate the primary-battery market with sales of about 100 million dollars in 1951. 

The review papers which follow record the remarkable progress made in primary-battery 
technology during the half-century of the Society’s existence. They describe the continual 
technological progress in the development of the Leclanché dry cell—a very complicated 
thermodynamic system. This record refutes the criticisms of several persons in high places 
to the effect that the dry-battery industry during these fifty years has shown a relatively 
low rate of technological growth and that it is not interested in using basic raw materials 
other than those originally used. The record amply justifies the continued use of these raw 
materials although large sums of money have been spent during the past decade, partic- 
ularly by the government, in an endeavor to replace these time-honored materials and 
constructions. The Leclanché cell still is pre-eminent. 

The dry-battery industry has weathered the combination of normal business depressions 
and technologically imposed depressions, particularly when storage batteries replaced dry 
batteries in automobiles and alternating-current-powered radio receivers replaced those 
powered by dry batteries. Each time smaller and better batteries were important factors in 
overcoming these recurring depressions. 

The review papers show that the primary-battery industry has developed and manu- 
factured, in addition to the Leclanché cell, a variety of cell systems, both for civilian and 
military use. Some were based on previously unused cell systems. The older types were 
revised and improved to meet successfully the new and unusual military conditions of use. 

The primary battery also has continued to be of important social significance apart from 
the prominent part it plays in instruments of destruction. Radio communication, to which 
the primary battery contributed, has changed greatly our social habits and the nature of 
our government. The interest of people in war, in the world series, or in an election is 
reflected in battery sales. Most households and cars contain one or more flashlights. In less- 
electrified areas of the world, the flashlight is of great value as is evidenced by the exporta- 
tion of over 100 million flashlight cells in 1951. And of particular importance are the pocket 
hearing-aids powered by miniature batteries which have restored hearing to many thou- 
sands of persons. 

The primary-battery industry looks with confidence to the future! —O. W. Srorry 
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with Mallory Mercury Batterie 


+ Because of these unusual characteristics, the Mallory 
§ Mercury Battery is particularly suitable for many broad fields 
of applications: 
HIGH RATIO OF ENERGY TO VOLUME: packs more 
energy into less space, for portable electronic units and 
other equipment in which space economy is essential, 
CONSTANT VOLTAGE: provides an essential factor in 
such applications as secondary standards of potential, 
and assures optimum efficiency of sub-miniature elec- 
tronic tubes. 

Additional LONG SHELF LIFE: assures positive action of alarm 
systems and military equipment requiring infrequent 

operation but complete dependability. 
; e Equally long life under constant or inter- 
j mittent loads. The basic Mallory mercury design is available in aumerous sizes 
¢ Ability to operate over wide range of of single cells and in a wide range of multi-cell battery packs. 
temperatures and pressures. Complete technical details are available on request. 
: e Resistance to impact, humidity, and 
corrosion. 
Leak-proof, dimensionally stable con- 
struction. 


P. R. MALLORY & CO., Inc., BATTERY DIV., NORTH TARRYTOWN, N.Y 
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icing as following men have given much of their time to make this 
i the Anniversary Issue so complete and so authoritative: 
ye following review papers cover most of the primary 5\ ‘ 
poe which either are being produced commercially 0. W. Storey C. C. Birdsall 
have been engineered and tested so that they are ready N. C. Cahoon U. B. Thomas 
i P. L. Howard J. C. White 
commercial production. 
a Fach paper presents a concise review of the cell system W. 5. Herbert R. C. Kirk 
1 ~olved and, as a rule, covers history, theory of operation, C. K. Morehouse ( i. B. Ellis 
4 struction, operating characteristics, production data, and J. M. Booe G. W. Heise 
T js of application. Of particular interest is that operating N. Hackerman KE, A. Schumacher 
| ta are presented in such form that direct comparisons can W. C. Vosburgh P. S. Brooks 
made between different systems. Output data are pre- J. J. Coleman J. Musgrave 


ted as functions of unit volumes and weights of the cells 
J are supplemented with data for current density per unit 
4 of active electrode surface. 

\ithough the review articles were prepared by the authors 
ose names are indicated, each review represents the com- 
site knowledge, experience, and judgment of many other 
alified members of the Battery Division. It is appropriate 
it we acknowledge, formally and with sincerity, that the 


The Chairman of the Battery Division hereby expresses 
his personal appreciation of the work of these men and the 
authors. 

He also wishes to express, as spokesman for the entire 
Battery Division, appreciation to The Electrochemical So- 
ciety and its Officers and Editorial Staff for publication of 
this comprehensive review issue. 

—J. N. Mreupicu 


Dry Cells of the Leclanché Type, 1902-1952—A Review 


md George W. Heise’ and N. C. Cahoon' 
Pids 
\lthough the early development of the dry cell in the alone). Further, there was little reason to predict the parallel 
nited States proceeded as an art rather than a science and rise in cell quality, which increased the useful service of the 
ore chnological progress was slow,? the advances made during six-inch dry cell from perhaps 8 to 10 ampere hours to its 
and me past 50 years have been spectacular. At the turn of the present level of 55 or 60, and which has more than doubled 
‘al tury, to be sure, the cell had already been converted the capacity of the flashlight battery in the last 15 to 20 
m the original wet element. (2) into a portable dry unit, years (7). This improvement has been of particular interest 
in il the plaster of Paris separating anode and cathode in to the technologist because it was achieved without any es- 
sal ¢ Gassner cell (3) had given way to cereal paste or paper sential change in cell constituents. 
4 ner.’ In contrast with the 20,000 wet batteries in use “in The task of singling out the factors which have contributed 
rance and abroad” triumphantly claimed by Leclanché in in greatest measure to the evolution of the modern dry cell 
Nis, production of dry cells had reached the dizzy height, is not an easy one; it is even more difficult to assess their 
sie } the United States alone, of two million units per year, relative merits. Sometimes items long known in the battery 
ee wstly of the conventional six-inch size. The flashlight (5) art failed to find application in dry cell technology for many 
ud been introduced (6) and was beginning to achieve some years; frequently a simple mechanical improvement has had 
uumercial importance, yet it would have taken a crystal greater immediate impact on battery quality than, for ex- 
ss tll of unusual elarity to enable anyone at that time to fore- ample, a basic contribution to our knowledge of cell reactions. 
* *« the enormous present usage of this and other miniature Amalgamation goes back to the very beginnings of the pri- 


ll typest (over two billion annually in the United States 


National Carbon Research Laboratories, Cleveland, Ohio. 
*“One is at a loss,” said Professor Crocker in 1906 (1), “‘to 
int out any radical or even important advance in primary 
atteries .. .; the types now on the market... are not sub- 
antiall} better than what might have been obtained 60 years 
‘Portable cells with immobilized (gelatinous) electrolyte, 
k., the Guerin (agar) and the Leclanché-Barbier modifica- 


ions described by Tomassi (4), seem to have anticipated the 


ssher ‘ype by some years, although the latter may have 
fen one of the first commercial cells in which the zine anode 
rved as cell container. 

As lat» as 1908, Burgess fixed the two sizes of his first small 
lls “by ‘he sawed-off ends of a broom-handle and a shovel- 
indle, r: pectively, around which the zinc cans were formed’”’ 


(6)... 174). 


mary battery (8) and was actually used by Leclanché; yet 
this method of reducing wasteful zine corrosion and improving 
keeping quality in the dry cell, though practiced to some 
extent, was not generally adopted until about 1910. The 
so-called bag-type cell, in which the molded depolarizing mix 
“bobbin” was wrapped with cloth® and a paste or gel electro- 
lyte was used, appeared at an early date (10). In the U. S., 
at least, a paper or pulpboard liner (11) largely supplanted 
cereal paste in the six-inch cell, no doubt facilitating manu- 
facture by making it possible to ram or pack the depolarizing 
mix into the cell container, but hardly calculated to increase 
service capacity or to improve shelf maintenance. The ap- 
plication of a cereal paste to the paper or pulpboard liner, a 


° The use of cloth as replacement for the porous pot of the 
original Leclanché element probably originated with the wet 
cell (9). 
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major improvement factor known at least as early as 1893 
(12), was not generally practiced until about 1915. Paper 
itself passed through many stages of composition and thick- 
ness to the thin kraft (13) now standard in the large six-inch 
and many of the small flat-type cells. 

Meanwhile, other variations in cell design appeared, par- 
ticularly in the smaller sizes. The flashlight cell, in general, 
employed the bag-type construction, in which the separately 
molded mix bobbins were protected by wrappings of cloth 
or paper (14), or by coatings of paste itself (15). The de- 
velopment of mechanically stronger bobbins and changes in 
cell manufacturing methods largely eliminated the need for 
such wrappings (16) and they are no longer widely used. 
Much work was done on the gelatinization of cereal paste 
and to this day both the cooked and the cold-set (17) va- 
rieties have their proponents in the industry. A recent de- 
velopment which holds forth considerable promise is the 
plastic film (18), combining good contact with zine and high 
ionic permeability, and capable of being used either sepa- 
rately or, like cereal paste, in conjunction with a supporting 
sheet. 

The difficulty, encountered in miniature cells, of obtaining 
the high current densities required for flashlight service, 
further aggravated by a scarcity of suitable ores when World 
War I shut off the supply of Caucasian manganese, gave 
impetus to the development of precipitated or “artificial’’ 
MnO, depolarizers (19). These were usually expensive, and 
not altogether satisfactory, particularly with regard to their 
deleterious effect on keeping quality of cells. As new ore 
supplies, e.g., the Montana deposits, became available, and 
laboratories within the industry developed means for the 
better utilization of these, the artificial depolarizers for a 
time assumed a minor role in American technology and it is 
only in recent years that they have become of any great com- 
mercial importance. 

Dramatic in its impact, although insufficiently recognized 
among battery technologists in general, was the work of 
Burgess (20) on “impalpable” graphite (particle diameter 
<10 microns) in battery mix which made possible the 
achievement, with natural ores, of flashlight service previ- 
ously obtained only with artificial depolarizers. It was this 
work rather than the earlier suggestion by Burger (21) of the 
use of acetylene black that paved the way for the concepts of 
fineness, surface area, manganese:carbon ratios and mix 
conductivity on which much of our current technology de- 
pends. The process of milling oth manganese dioxide and 
carbon together (22) produced a carbon of smaller particle 
size, and of greater surface area and covering power than 
could be obtained by separate milling. This made it possible 
to use the coarser, less expensive graphites as starting mate- 
rials, and yet obtain mixes of improved conductivity, de- 
polarizing activity, and absorptive capacity for electrolyte. 

Acetylene black, made available in quantity chiefly through 
the effort’ of Shawinigan Chemicals Ltd., of Canada, came 
into commercial use about 1930 and has since largely re- 
placed graphite as conducting carbon in the mix of the 
small cells. 

The search for an artificial MnO,., never, of course, com- 
pletely abandoned, was intensified during the middle thirties 
when it became apparent that a depolarizer more active than 
the natural ore was needed to meet the increasing demands 
of the so-called industrial, heavy-duty flashlight service. The 
widespread use of an imported product was at least partly 
responsible for the development of new service levels, but 
only at the cost of serious lowering in shelf quality. Eventu- 


‘ugust ol. 
ally American industry concentrated its effort. oy ba 
lytic manganese dioxide (23), long considere| , 


depolarizer but not previously obtainable in form, 
for many battery purposes because of conta): ation fr 
the lead anodes used in its manufacture. The ‘ievelopme 
within the industry of a suitably impregnat..| graphi 
electrode sufficiently resistant to anodic attack eliminatd 
this difficulty. By 1940 (24) a satisfactory electrolytic m, 
ganese dioxide was in large-scale production and commere) 
use, and independence of foreign sources of artificig| d 
polarizer had substantially been realized. 

Recent years have been marked by some radical changgmet t! 
in battery construction. The first radio “B” batteries wommeachi 
simply groups of cylindrical cells connected in series, ‘Tygue” 
need for space economy furnished the incentive for the ajmp! hy 
velopment of Mat cells which could be stacked, a constructigns P!" 
very similar to that used in the original Volta pile (25), | 
the first commercially successful battery of this type (26 
intercell connection was made by means of carbonaceo: 
plastic coatings applied directly to the inert face of the zi 
electrode. The perfection of thin coatings or separate co 
ducting sheets and other refinements led to smaller ay 
smaller batteries such as the “flat cell” (27) and varic 
modifications of tray-type construction (28) so that now tl 
demands of the portable radio receiver or hearing aid are m 
by miniature units which have no counterpart in the conve 
tional round cell. 

An important development in cylindrical cell constructio 
as regards both the flashlight and six-inch units has been thi 
introduction of metal or equivalent seals (29), better adapted 
to production methods, and much tighter than the pitch :rosi 
type of seal that they replaced. With these, both air acces 
and moisture loss have been reduced, and the shelf qualit 
of cell has been improved substantially. 

At least one manufacturer has adopted a “metal-clad 
construction (30) in which the entire unit, surrounded by al 
insulating jacket, is encased in a steel tube. 

Worthy of mention, also, are the efforts made to use zinc 
not as cell container but as internal anode, completely sur 
rounded by cathode mix (31). In the most recent of thes 
(32) the zine is in the form of centrally located vanes pro 
tected from the depolarizing mix by paper:film separator 
A carbon:plastic lining on the cylindrical jacket serves « 
cathodic current collector or terminal. Potential advantag 
of this type of construction are greater electrode area, bette 
utilization of zine and, of course, freedom from leakage dug 
to can perforation. 

Most gratifying to the battery technologist are the advane 
made in our understanding of the cell reaction and th 
improvement in quality that has resulted from this knowledge 
As long as the average user and, to some degree, even t! 
manufacturer had no adequate means of evaluating produ 
there was no great incentive for intensive research, s0 
technological progress was necessarily slow. The developmett 
of standards and tests, in which The Electrochemical Soci 
initially took a leading part (33), has been carried on @ 
fectively by the National Bureau of Standards (34) and hw 
done much to correct this condition. As the usage of the 4! 
cell increased, bringing with it new and varied service 
quirements, the stage was set for fundamental studies “ 
well as for product development and control; improvemet 
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ss Performance curves for a general purpose ‘“D” size flas! 
light cell and a ““B” battery of flat type cells are show! 
Fig. 1-4. For both cell types average values, rather than ma’ 
mum service figures, are used. 


| 
“7 


“gust ol. 99, No.8 


battery quality followed in due course. The enormous 
arrent deiand for dry batteries for the widest possible range 
f storage and service conditions, for military as well as for 


ON elect 
desig} 


ation frolliivilian applications, further stimulated work in this field 
evelopmemmmnd, with the influx of Government and outside agencies, has 


rought the current volume of research to an unprecedented 


graphj 
‘lytic ms 
General Theory 
COMMere; 
vjectrochemical theory, particularly as regards the de- 


‘lopment of electromotive force, was well advanced by 1900, 


‘al changggmet the early battery technologists were slow to apply its 


teries wommeachings to the Leclanché system. Polarization was fre- 
series. Tyguently considered loosely in terms of the cathodic liberation 
for the damp! hydrogen (35), though how the latter could be visualized 
nstructigis proceeding at the potential of the MnO, electrode or the 


erating voltage of the cell is not immediately clear. De- 
ylarization, a term which we could well do without, is at 
est, as defined by LeBlane (36), only a means of preventing 


le (25). J 
type (26 
bonaceo, 


of the zingevolution of hydrogen or oxygen; it has all too often been 
arate cogfonsidered, not as the primary electrode process, but as a 
naller apgmhemical reaction between MnO, and previously liberated 
1d variodfvdrogen. There was little basis for this view (37), which 
it now thgregrettably is still found in many books on general chemistry 
id are mand even in some electrochemical texts. 


1¢ conver’ Much of the recent work on the over-all reaction in the dry 
ell has served to confirm previous findings rather than to 
nstructiogliblaze entirely new trails. Tomassi, in his text (4) on primary 
s been thybatteries issued in 1889, refers to earlier work in which 
rr adapteqmvarious reaction products of the Leclanché wet cell were 
itch :rosiqmdentified, among them the ammine ZnCl,-2NH; (38) and 
air accesmoxyehlorides of the type ZnCl. -3ZnO -4H,0 and ZnCl, -6Zn0 - 
If qualitq™gi0H.0. He wrote the equation for the over-all cell reaction 
essentially in its modern form: 
in + + 2NHCI 
= ZnCl.-2NH; + Mn.O,H; (i.e., Mn,O;-H,O) 


and cited conditions under which Mn.Q,-Zn (hetaerolite?) 
eel might be the reaction product. 

sae pre For a long time, unfortunately, the equation for the cell 
sorat rch eaction was of little help to the battery technologist. Actual 
“2 sag service capacity, for example, might exceed by as much as 50 
tee per cent that calculated from the NHCl content, and even 
ss betta the reduction of MnO:, because of air depolarization and 
sa ju other factors, could not immediately be correlated with cell 
, behavior. In establishing cell formulations, empirical trial 
advance SS Necessary to obtain optimum compositions, and even 
sed these usually proved valid only for a limited set of service 
ee onditions. Definite progress was made when the various 
even tha actions which may occur during cell discharge were dif- 
one ferentiated and identified, and some of the conditions de- 
ak al termining their occurrence were established. Thus it is now 
slopmed recognized (39) that in an electrolyte containing more than 
1 Societ ll to 10 per cent NH,Cl the diammine may be formed as in 
a. d equation (I), whereas for lower concentrations an oxychloride 
and ham ™2Y be the principal reaction product: 

the + 8MnO. + 8H.O + ZnCl. 

rvice re II) 
udies = 4Mn,.0;-H.O + ZnCl,-4Zn(OH).. 
1 Ubviously, the choice of reaction is dictated by such factors 
ize fash’ (iffusion effects, severity of service, degree of exhaustion 
shown i the cell system, and the like, and the transition from the 
an mas "st to the second can probably occur without inflection in 


operating voltage. 
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Final confirmation and extension of the early concepts is 
found in the important contribution by Copeland and Griffith 
(40) which established the formation of ZnO-Mn,0;, the 
mineral occurring as hetaerolite, as a possible cathodic 
product. In this case, the over-all cell reaction may be written 
simply as 


Zn + 2MnO, = ZnO-Mn.O; (111) 


in which no ammonium chloride is permanently removed from 
the cell system. Whereas the reaction as expressed by equation 
(I) requiies two molecules of NH,Cl per gram atom of zinc, 
the other two remove no sal ammoniac from the cell system; 
all of which emphasizes the difficulty of ccrrelating cell 
composition with service capacity or of developing a single 
cell formulation that will give satisfactory service under all 
discharge conditions. 

In view of the complex nature of the dry cell reaction it is 
not surprising that no entirely authoritative thermodynamic 
analysis has yet been presented. However, the work of 
Wadsley and Walkley (41) and the calculations of Kaneco. 
(42), Thompson (43), and Drucker (44) as interpreted by 
Drotschmann (45) indicate voltages between 1.41 and 1.57 
for the Leclanché system and represent at least an approach 
to the observed values. 


Anode 

Zine, generally although not always amalgamated, is still 
almost exclusively used as anode metal in the dry cell. The 
anode reaction is relatively simple and uncomplicated. Even 
during continuous discharge, polarization or changes in con- 
centration and pH of the anolyte have relatively slight effect 
on zine potential (46), perhaps 0.2 volt at the current drain 
of flashlight service. It is the wasteful corrosion of zinc, rather 
than its anodic behavior in the operating cell, that has 
demanded the attention of the battery technologist, from the 
theoretical as well as the practical point of view. 

In the early days of dry cell manufacture, minor con- 
stituents of zine were considered in terms of the adaptability 
of the sheet metal to the manufacture of soldered cans; their 
effect’ on corrosion resistance seems long to have been a 
secondary consideration. Small quantities of lead and iron 
were, of course, always present, and cadmium was usually 
added to stiffen the sheet. The trend toward zine of high 
purity, long advocated by Burgess (47) as a means of reducing 
wasteful corrosion, has been made possible by the introduction 
of drawn and extruded cans and the flat anodes now used in 
many cell constructions. 

The intrinsic characteristics of the base metal with respect 
to corrosion are, of course, modified or obscured by the nature 
of the amalgamated zine surface (48). 

Mercury is generally introduced as HgCl, dissolved in the 
electrolyte, from which it is deposited on the zine by re- 
placement. The quantities of mercury that can be used 
effectively are very limited, particularly when the zinc is 
the cell container, seldom exceeding 0.25 per cent because of 
the embrittlement and loss of strength of the amalgamated 
metal. Even within the permissible range there is apt to be 
poor correlation between mercury concentration and _re- 
sistance to corrosion (49), particularly at elevated tempera- 
tures (50). Obviously nature and uniformity of amalgamation 
are more important factors than slight variation in mercury 
concentration in building the surface of high hydrogen over- 
voltage requisite for resistance to corrosion. 

In a properly constructed cell and in the absence of dele- 
terious, e.g., heavy metal impurities, the corrosion of amal- 
gamated zine in standard NH,Cl, ZnCl, electrolyte is slight 
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and, under normal storage conditions, dry batteries suffer 
relatively little loss in service capacity due to this factor. 
The situation is quite different for u cell in active use, where 
changes in anolyte pH and concentration, alteration of anode 
surface and actual loss of mercury from the latter during 
service, may introduce complicating factors. Even today, the 
wasteful corrosion of zine in cells on long-time intermittent 
service may be as much as 50 per cent as great as the weight 
of metal utilized in generating current. This, in itself, is no 
small matter; it becomes even more serious if consideration 
is given to the fact that two moles of NH,Cl are used up per 
gram atom of zinc 


Zn + 2NH,Cl = ZnCl,-2NH; + Hz, (IV) 


involving a costly waste of active material and a direct loss 
of service capacity. In addition, the formation of the in- 
soluble diammine causes a rise in internal resistance which 
further impairs the usefulness of the battery. 

The problem of finding corrosion inhibitors, other than 
mercury, effective under the variable conditions of cell 
discharge and compatible with the standard dry battery 
ingredients, has not proved a simple task. The use of bi- 
chromates to form protective films on zine has found successful 
commercial application (51). This expedient has undoubted 
beneficial effect on cells during storage, although its effective- 
ness under service conditions may be open to question. The 
liner itself, by its ability to maintain wet contact with zine 
as well as by its composition, may have important influence 
on corrosion rate and some of the ingredients of cereal pastes 
themselves may be inhibitory in nature (52). 

The better sealing of batteries, by exclusion of atmospheric 
oxygen, has markedly decreased zine corrosion and, by 
preventing loss of moisture by evaporation, has made im- 
portant contribution to service maintenance. Nevertheless, 
the rising cost of metal and other cell ingredients, and the 
demand for higher output levels and longer shelf life, the latter 
over an increasing temperature range, make further im- 
provement imperative. 

The search continues for anode materials other than zinc. 
Aluminum, with its high electrochemical equivalent (2.98 
amp hr/g of metal as compared with 2.2 for magnesium and 
only 0.82 for zinc) would be an attractive substitute were it 
not for its high corrosion rate. It shows no voltage advantage 
over zine in conventional electrolyte since in this medium it 
owes its stability, such as it is, to an oxide film and its true 
potential is not realized (53). Higher voltage can be obtained 
by amalgamation (54) or by the use of an electrolyte, either 
acid or alkaline, in which the oxide is soluble. In either case, 
the rate of corrosion of the base metal tends to become 
excessive. 

The important progress which has been made in the 
utilization of magnesium anodes is discussed separately (56). 
This metal gives somewhat higher voltage than zine [although 
not its true potential (57)], and its high rate of corrosion in 
electrolyte can be reduced by the use of inhibitors of the 
bichromate type and by substitution of bromides for chlorides 
(58). With the rapid strides in cell development made in 
recent years, the magnesium battery gives promise of achiev- 
ing commercial significance in the not-too-distant future. 


Electrolyte 


Although the electrolyte of the original Leclanché cell was 
a saturated ammonium chloride solution [with an excess of 
solid salt in the battery jar (2)], the use of mixed sal ammoniac 
and zine chloride electrolyte formed a part of very early dry 


, Meerburg (59) in 1903, whose data on the solubilit\ relatigy, 
‘ships of NH,Cl and ZnCl, particularly when com! ined wit 
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battery technology (3). Unfortunately, the fu), ‘ioning , 
ZnCl, seems to have been understood only partis \ ang 4, 
development of optimum electrolyte composition. roceeded 
largely on an empirical rather than on a scientific asic 
A definite forward step was marked by th: work 


conductivity (39) and specific gravity data, ean be of great 
value in the compounding of mixes and pastes. These, ho, 
ever, are representative only of the fresh, unused cell, 4) 
throw little light on its service quality. 

Once a cell is put into operation, the solution of zine ay 
lowering of pH at the anode, and the rise in pl at th 
cathode, complicate the solubility relationships. The chang 
in anolyte is relatively simple, and the increase in zine chlori(e 
concentration is within the scope of the Meerburg data. 4; 
the cathode, however, the electrolyte becomes a {oy 
component system, in which NH, as well as ZnCl, and NH 
(and H.O) must be taken into account. This, further comp 
cated by the shifting situs of reaction (60, 61), recuperati 
reactions, and the slow diffusion rates characteristic of tly 
dry cell system has made study of electrolyte changes during 
discharge extremely difficult. 

Definite progress toward the better understanding of tly 
functioning of the electrolyte was made in the late 1920 
notably by Friess (62) who described the system Zn‘ 
NH,Cl, NH;, H.O and correlated equilibrium data with pli 
measurements. His pH determinations were of necessity ma‘ 
with a hydrogen electrode and so could not be appli 
directly to the dry cell system. The introduction of tly 
commercial glass electrode, and the development of rugy: 
types, made possible measurements of electrolyte equilil) 
in isolated portions of mix and paste from actual cells under 
discharge conditions (39). On the basis of these studies, NH 
is still to be considered the important electrolyte salt, wheres 
zine chloride® serves primarily to reduce wasteful shelf co: 
rosion and, by buffering the solution, to minimize pH changes 

The work on electrolyte equilibria has done much to give 
significant explanation to variation in performance of tl 
same cell under different discharge conditions. The proble: 
of maintenance of pH within as narrow limits as possibl 
one of the criteria for optimum performance, may be « 
minor significance on light or intermittent drain, wher 
ample time for diffusion and recuperation reactions is allowed 
it becomes acute under conditions of heavy drain service. 
it is that the bobbin of a “D” size cell on intermittent te* 
(4-ohm LIF) becomes hard, due to formation of insolub 
ZnCl.-2NH, and has no odor (mix pH perhaps 6-7). During 
continuous discharge, on the other hand, the mix may rea 
a pH of 9-10 and reek of ammonia, yet remain soft 4! 
friable because of the formation of the tetrammil 
ZnCl.-4N Hs, relatively soluble in the alkaline electrolyte. 

Despite a very considerable amount of work with othe 
salts,? it seems significant that the combination of NI 
and ZnCl, is still generally used in the dry cell built to met 
conventional service demands. It is only for abnormal servic 
conditions, and particularly where maximum capacity an 


* ZnCl. does not, as frequently recorded in text books 
significantly increase NH,Cl solubility, nor does th 
hygroscopicity of the pure salt improve the moisture retentio! 
of the NH,C1,ZnCl, electrolyte composition used in th 
finished cell. 

7 Magnesium chloride (63) was used for many years in the 
German “Pertrix” battery. The Pérske patent (64) deseribint 
this development also mentions calcium chloride. 
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eeping qulity are not absolutely essential, that the NH,Cl, 
(‘l, ele irolyte has proved inadequate, and inferior to 


ther com} jositions. 
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KANN 
TY 


a 3 2 


10 30 40 $0. 60 #70 
*Amp min/em® 
Fic. 1. Discharge characteristics of a“D” size flashlight cell: 


Current drain in amp 


Curve 
*per x per cell 
l 5.5 0.03 7 
2 11 0.06 14 
3 16 0.09 21 
4 22 0.12 28 
5 36 0.20 47 
6 55 0.30 71 


* Calculation based on jacketed cell (volume 55.0 ec). For 
he unjacketed unit (volume 45.2 cc) values would be increased 
y 21.6 per cent. 


1.0 <+ 40 
: 
= 50 ~ 30 
= | 3 
= = 
25 
30 2.0 
20 
10 is 20 2s 30 3s 


Amp/cem? x 
Fig. 2. Output per unit of volume (1) and weight (2) for a 
1)” size flashlight cell. 


Low Temperature Electrolytes 


The expanding usage of dry cells, particularly as reflected 
i military requirements, created a demand for batteries 
‘apable of operating at temperatures well below the freezing 
wint (—6°F; —21°C) of the conventional NH,Cl, ZnCl, 


lectroly te, 


Vinal, whose recent text (65) contains a review of work on 


lectrolytes for low temperature operation, points out that 


general, the use of organic additions to depress the freezing 
ont has not proved successful, primarily because of the low 


‘onductivities of the resulting solutions. The use of organic 
Hectroly ies such as monomethylamine hydrochloride. (66), 


ibstitu!ion of ealeium chloride (67), wholly or in part, for 
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zine chloride, and the introduction of LiCl, ZnCl., NH,Cl 
combinations (68) have given much better results. With 
these, cells can now be made which, although admittedly of 
lower service capacity than that obtained from conventional 
cells at room temperature, are still quite useful at tempera- 
tures of the order of —40°C. 

Because of the importance of conductivity and diffusion in 
low temperature operation, the diaphragm or separator has 
also become an important factor, necessitating a re-examina- 
tion of existing paste formulations. Locust bean gum, for 
example, is cited (69) as far superior to conventional starch: 
flour thickening agents in low temperature applications. 


Depolarizer 


The development of the dry cell and its rise to greater 
commercial importance than other primary battery systems 
have been due, in large measure, to an abundant supply of 
MnO, ores of depolarizer quality, high in oxygen content and 
sufficiently free from deleterious constituents to require little 
or no purifying treatment. In the early days of the dry cell, 
when availability and cost, rather than depolarizing effective- 
ness, usually dictated the choice of ores, the Russian Caucasus 
deposits furnished the bulk of the MnO, depolarizer for the 
commercial batteries of Europe and the U. 8. The opening 
of mining operations at Philipsburg, Montana (70), produced 
a battery ore of superior quality and helped supply the 
industry during World War I when imports from Russia were 
cut off. Later the deposits on the Gold Coast district of West 
Africa (71) were developed and soon became the principal 
source of supply. Smaller amounts of battery grade ore have 
also been obtained from many other parts of the world, e.g., 
Cuba, Java, and Brazil. 

A considerable amount of technical effort has gone into 
the development of forms of MnO, more active than the 
ores, either through the modification or beneficiation of ores 
by relatively simple treatment, or by the direct synthesis of 
MnO, by chemical or electrolytic precipitation methods. 
Leaching of ores with mineral acid (72), which decomposes 
sarbonates and removes soluble constituents, produces a 
depolarizer of porous structure and increased available oxygen 
content. The so-called ‘activated ores” are obtained by more 
complex treatments such as the preparation of a lower oxide 
of manganese by roasting an MnO, ore to convert it to 
Mn.O,, followed by a leach with a mineral acid (73). The 
latter reaction may be represented as: 


Mn.O; + H.SO, = MnO. + MnSO, + H.O. (V) 


Depolarizers of this type still find important uses in cell 
manufacture. 

The use of synthetic depolarizer seems to have originated 
in Germany at a comparatively early date, presumably 
because of the availability of by-product MnO, as obtained, 
for example, in saccharin manufacture (74). Interest in the 
U.S. apparently developed somewhat later although, by 1910 
or shortly thereafter, materials of local manufacture (75) as 
well as imported varieties were under active consideration. 
Substantially all known methods for the production of MnO, 
that seemed commercially practicable have been examined 
either here or abroad, these including the reduction of 
permanganate (76), the oxidation of manganous compounds 
by various reagents (19, 77), and even the thermal de- 
composition of salts like the nitrate (78). In the main, the 
gain in depolarizing activity and improvement in heavy- 
drain output of fresh cells with depolarizers so obtained was 
offset by nonuniform and generally unpredictable service 
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quality and by poor shelf characteristics. It was not until 
electrolytic MnO, (23) was produced in pure form on a 
commercial scale a little over ten years ago (24), that a really 
satisfactory synthetic depolarizer became available to the 
industry. 

The cathodic reaction in the Leclanché dry cell, which 
contributes about one-half of the energy output of the 
system, continues to be an item of major technical interest. 
It consists, in its simplest terms, in the reduction of MnO», 
in which manganese is tetravalent, to an end product con- 
taining trivalent manganese. This means, of course, that 
only one-fourth of the oxygen content is utilized. 

The actual reduction mechanism is neither simple nor, as 
yet, established with certainty. Two end products have 
definitely been established, one the mineral manganite 
(Mn,0,-H,0), (79) the cathodic formation of which may 
proceed in accordance with the equation 


2MnO, + 2NH,* + 2e — Mn,0,-H,O + 2NH;. (VI) 


: 


1s 


mile) 20 30 
Amp min/cm!? of 30 cell battery volume 


2i\ 


Fic. 3. Discharge characteristics of a ‘“‘B”’ battery composed 
of 30 flat type cells: 


Current drain in amp 


percm*x | per battery | Per cm# anode 
l 8.4 0.005 3.6 
2 16.8 0.010 7.3 
3 25.2 0.015 M1 
4 33.6 0.020 14 
5 


52.0 0.030 22 


In the presence of zine ion, a further reaction is possible 
(40, 80) 


2MnO, + Zn** + 2e ZnO-Mn,0,; (VII) 


with the formation of the mineral hetaerolite. The latter is, 
of course, the more desirable reaction, removing no ammonium 
chloride from the system and entailing less rise in catholyte 
pH. 

It is doubtful if any single problem in dry cell technology 
has claimed as much attention as the selection of manganese 
dioxide for depolarizer use. At first, so many factors militated 
against the realization of more than a small portion of the 
potential service capacity that the depolarizing effectiveness 
of the MnO, was not necessarily a dominating factor; as the 
battery was perfected and its field of usefulness expanded, 
the quality of the depolarizer became an increasingly im- 
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portant consideration. Chemical analysis, neces: irily limi 
to determinations of available oxygen or of heavy) metals 
the like, although useful, gave little indication of the beh 
of a depolarizer under battery conditions. metjy. 
included attempts to differentiate depolarizers «1 the }. 
of their catalytic effect on the rate of decompositioy 
hydrogen peroxide, the evolution of COz from inixtyre 
MnO; and solutions containing oxalic and sulfuric acids (g 
or oxygen equilibrium pressure changes as a sample y 
heated to convert it to Mn,.O, (82). Even magnetic SUSceyf 
bility measurements (83) have been suggested as a mean: 
differentiation but in most cases the impurities nor, 
present, and other factors, have led to inconclusive resi; 
Indeed, none of these methods has achieved more th 
limited success and, to this day, the only entirely defini 
test is the costly and time-consuming evaluation o/ potent: 
depolarizers in actual operating cells. 

Electrochemical methods offer somewhat greater hope 
success. The pH :potential relationship* of African ore, 
way of example, in zinc and ammonium chloride golyt 
may be represented by the equation 


E = 1.070 — 0.0608 pH 


T 


Watt 
| 
| 


010 


20 40 60 
Amp/cm? x 


Fig. 4. Output per unit of volume (1) and weight (2) for 
“B”’ battery composed of 30 flat type cells. 


and deviations from this straight line function have bee 
interpreted in terms of the suitability of MnO, samples ' 
specific service applications. 

A second method has been suggested (91) in which a dire 
measure of depolarizing capacity is obtained. In this, § 
sample of MnO, is reduced to a suitably chosen cut! 
voltage in a stream of electrolyte which removes the cath 
by-products as they are formed. Although the efficacy oft ¢ 
MnO, so examined, in terms of the percentage of the availa! 
oxygen utilized in the electroreduction, is not an infallibi 


5’ Early measurements of MnO, potentials in various «4 
and alkaline solutions were reported by Tower (84) and 
Thompson and Crocker (85). Daniels (86), working with Mal 
electrodeposited on platinum wires, obtained a st raight-lin 
pH: potential curve approaching the theoretical slope. Thom! 
son (87) obtained confirming results with both ores and st 
ficial manganese samples. Parallel investigations by Holt 
and Ritchie (88) and by Martin and Helfrecht (89) failed 
check these results, but it was later shown (90) that, with 2 


chloride instead of HC! as acidifying medium, good correlat™ 
with theoretical slope (0.0598) could be obtained. 
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ide, it s generally indicative of service quality and makes 

ossible te rejection of substandard materials. 

The fovegoing offers at least a clue to the cathodic reaction 

nd the mechanism of the formation of Mn,O;-H,0 (vide 

,ipra). Under test conditions Mn'¥ is reduced to Mn", the 

stter appearing in the cell effluent as MnCl. Mn", in an 

erating dry cell, in turn might react chemically with the» 
esidual MnO, thus: 


| 1 

+ MnCl, + ZnCl,-2NH; + 2H:0 (VIII) 
Means Mn.0;-H,0 + ZnCl; + 2NH.CI. 

me Although this may satisfactorily explain the formation of 
aes ” manganite, now recognized as a cathodic byproduct, it gives 
- defining clue to the mechanism by which hetaerolite is produced. 
Y definit X-ray diffraction methods, based on the earlier work of 
of potent Dubois (92), Glemser (93), Drotschmann (94), and Schoss- 
ter hove eeTBeT (95) have already proved of value in the correlation of 
an crystal structure of MnO; with its depolarising eBectivences. 
de allotropic forms of MnO., cryptomelane («), pyrolusite 


3), and ramsdellite (7), (96) are now recognized. However, 

the problem has not been a simple one. With the possible 

exception of pyrolusite most of the available ores have been 

mixtures of poorly crystallized allotropes, hard to identify 
4 by physical appearance. Even when x-ray methods are used, 

the characteristic structure of the allotropes may be obscured 
— or confused by variations in degree of crystallinity between 

samples of similar origin. MeMurdie (97) applied electron 
microscope as well as x-ray techniques to differentiation of 
ind depolarizer samples and, with his adoption of the improved 
nomenclature of Fleischer and Richmond (96), did much to 
clarify a confused crystallographic situation. Delano (98) 
studied the effect of method of preparation on the crystal 
structure of the artificial product. According to this author 
many samples may be considered as imperfectly crystallized 
specimens since their x-ray patterns are intermediate between 
Sh those of the pure allotropes. Cole, Wadsley, and Walkley 
—o.0s 99) considered both synthetic and natural MnO, materials 
as possible mixtures of two or more allotropic forms and 
studied the erystal change from ramsdellite to pyrolusite 


ar resulting from thermal treatment? first described by Rams- 
lell (100). 
nt (2) for As the result of this work, the current literature indicates 


ramsdellite to be the preferred MnO, modification for dry 
cell use. Our best ore (African) and our best synthetic oxide 


have beam clectrolytic MnO.) both show this crystal structure. The 


samples tqmereater knowledge of manganese dioxide crystal types ac- 

cumulated in this work promises to promote a wider applica- 
ch a diream tion of x-ray diffraction methods both in the selection and in 
In this, qth most effective utilization of MnO, depolarizers. 


| No acceptable solid depolarizer for dry cells has yet been 
lound that is competitive with MnO, on the basis of availa- 


sen cut-ii 
re cathod 


~acy of lity, cheapness, and activity. Graphitie oxide, which 
e availablqm ntains about 10 per cent available oxygen, has been pro- 
» infallibi™m™ Posed (102) but, so far as known, this depolarizer has not 
been used in commercial cells. 
1a) and | Air depolarization has perhaps come closest to providing a 
with Modqqag stitute for MnO». Both the French in World War I and 
raight-lin the Germans, in turn, in World War II were faced with 
e. Thompim Shortages of manganese and had to develop dry cells utilizing 
A differential thermal conductivity method (101) has been 
) tailed ~_ (98) to explore further the crystal changes resulting from 
vith ioe “™& manganese dioxide. Though distinct differences be- 
“een samples from different sources have been noted, no 


Satisfac'ory correlation of these with depolarizer operation 
has yet obtained. 
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this expedient (103), As cathode material,’ they used various 
forms of active carbon (107) with or without admixtures of 
conducting carbon or graphite, in pressed wet mix cakes 
sufficiently porous to permit air access. This is stil) current 
practice in Europe. 

If provision is made for admission of air to a battery, 
desiccation and zine corrosion are accelerated, and deteriora- 
tion rate is sharply increased. This limits the usefulness of 


0.15 A 


0.10 


Watt hr/cm?® 


1900 1910 1920 1930 1940 1950 
Fig. 5. Fifty years of progress in the Leclanché cell 


the cell. Though the air-depolarized dry cell has found a 
measure of commercial acceptance in Europe, the trend in 
the U. S. has been toward the alkaline system (108) rather 
than toward modifications of the Leclanché dry cell. 


* * * 


As a review of the work of the last half-century on the 
dry cell, the present article is admittedly fragmentary" and 
inadequate. There are many omissions in material of both 
theoretical and technical interest that the reader, particularly 
the worker in the field, will notice, and coverage of excellent 
work done outside the U. 8. is incomplete. The progressive 
rise in electrical output per unit of weight and volume; the 
variation of ampere and watt hour capacity with service 
conditions and its integration with current knowledge of cell 
reactions; the development and significance of present cell 
tests; these and a multitude of other items are deserving of 
detailed discussion rather than brief mention. 

A separate chapter might be written on the once widely 
used reserve or “deferred action’ batteries, inert and there- 
fore not subject to normal deterioration during storage. In 
the more common forms of these, water, electrolyte (109) or 
zine (110) was omitted or at least kept segregated (111) in 
the initial assembly, and activation was accomplished by 
adding the missing component. Nor would a dissertation be 
complete without a discussion, in the light of our present-day 


10 Even the ordinary manganese dioxide:carbon mix will 
operate as air depolarizing cathode. Leclanché (2) himself 
noted that his cell gave better performance when the electrode 
was only partially immersed in electrolyte, and Carhart (104) 
showed that as much as 50 per cent of the depolarization in 
the wet batteries might be due to air depolarization. Much of 
the early work on air depolarization was done with relatively 
inactive carbon containing small quartities of ‘‘accelerators,’’ 
i.e., materials capable of electrochemical reduction, and sub- 
sequent regeneration by exposure to air (105). Since such addi- 
tions were usually compounds of metals like nickel or copper 
which accelerate zine corrosion, they have not proved adapt- 
able to conventional cells of the Leclanché type, though still 
considered for use with alkaline electrolyte (106). 

'' A recent compilation, (113), lists over 3600 references to 
work done prior to 1948. 
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. H. T. Jonnson, U.S. Pat. 487,839, Dec. 13, 1892. 
. C. J. Coteman, U. 8. Pat. 495,306, April 11, 1893. 
3. G. W. Hetse E. A. Scoumacuer, U.S. Pat. 1,808,410, 


. P. Bureer, German Pat. 280,098 (1912); U. 8. 


wledge of the cell reactions, of the dry battery as a re- 


chargeable unit (112). 

The dry cell has come a long way during the life span of 
The Electrochemical Society. Due to the efforts of the 
industry to improve its product, electrical output per unit 
of v 
(see Fig. 5). The trend toward higher quality, well established 


olume has increased perhaps sevenfold within that period 


1920, has become progressively more marked. The ex- 


panding field of usefulness for this small portable power unit 


the current research interest in its potentialities suggest 


even greater advances in the years to come. 
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he Elect: etal, competitive on the basis of cost and supply with 
, Londosuch other metals as aluminum and zine. Today it is ex- 


tensively used in the structural fields, for cathodic protection, 


(1982. reactions, and metallurgical treatments. Another 


B. Ro: pplication which has been considered frequently during the 
oar ‘ it fifty years is its use as the soluble electrode or anode of 
Soe. batteries. The amount of magnesium now being 
used in primary batteries is small, but recent developments 
03). point to the possibility of magnesium finding extensive use 
45 this field. 
In Table I is given a comparison of some of the properties, 
together with a few theoretical calculations, of several of the 
pSsCHMA amore common metals which are now used as battery anodes 
i. or could conceivably be used. In making these calculations, 
DANIEL 


tis assumed that the electrode efficiency is 100 per cent and 
of that the electrode is not passivated during discharge, i.e., 
P- that it \s able to operate at its reversible electrode potential. 
Un the basis of watt-hour capacity per gram, sodium, alu- 
uinum and magnesium are the most attractive. Sodium, 
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Magnesium Primary Batteries 
C. K. Morehouse’ 


however, is incompatible in aqueous solutions and aluminum 
has a definite disadvantage in that an oxide film is formed 
on the surface which passivates the electrode. If this oxide 
layer is removed, for example by amalgamation or by an 
alkaline treatment, the aluminum becomes very reactive and 
difficult to handle especially in the presence of aqueous 
solutions. 


Historical 


The theoretical advantages of magnesium as an anode for 
primary batteries were undoubtedly recognized even in the 
days of Volta. As early as 1887, Hein (1, 2) described a 
modified Bunsen cell which consisted of carbon and mag- 
nesium electrodes immersed in a nitric acid solution and 
magnesium sulfate. He also tried chromic acid as the mag- 
nesium electrolyte, but he reported unfavorable results. 
Hein makes reference to a modified Leclanché cell consisting 
of a magnesium anode, a manganese dioxide cathode, and an 
electrolyte of an aqueous solution of magnesium chloride or 
magnesium sulfate. However, little, if anything, of significance 
had been published on a magnesium Leclanché type cell up 
to the recent work of Kirk and Fry (3, 29). 

From 1887 to about 1925 references to the use of mag- 
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nesium are infrequent and unimportant. Wood (4) in his 
1928 patent describes a magnesium-manganese dioxide cell 
of either the wet or so called “dry” type, using an electrolyte 
comprising an aqueous solution of ammonium chloride, am- 
monium nitrate, and sodium dichromate. The inventor states 
that the dichromate and the nitrate provide a protective 
film on the surface of the magnesium which reduces the 
corrosion of the magnesium when the battery is not in use. 
Ferrabino (5, 6), an Italian, in his patents of 1930, describes 
magnesium cells with calcium sulfate and magnesium chloride 
electrolytes. In these patents reference is made to the use of 
such materials as calcium ferrocyanide as inhibitors to reduce 
the corrosion of magnesium. Manganese dioxide and lead 
dioxide coupled with magnesium were suggested as cathode 
material. 

Gordon in his 1936 patent (7) describes a reserve-type 
multiple-cell magnesium battery comprising a loosely-fitted 
cellulose fibrous material as the separator, copper or silver as 
the positive electrode, magnesium as the negative electrode, 
and a solution of potassium iodide as an electrolyte. In his 
other 1936 patents (8, 10), he describes a magnesium air-cell 
type battery. This cell consisted of a carbon tube as the 
positive electrode and one or more magnesium pins, or rods 
of pure magnesium or of magnesium-aluminum-manganese 
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MeNulty found, however, that when chromie aci:| SOlutions 
were used alone as an electrolyte in the magnesiiim-cay}y, 
primary cell, the voltages were very low. By the cditioy 
phosphoric acid and small concentrations of sulfite to 4, 
chromic acid electrolyte, the cell voltage and cap city 
increased without excessively accelerating the ojen-ciro,j 
corrosion attack. The best electrolytes were: 40°; chron 
acid, 23% phosphoric acid, 37% water, and 40%, chronip 
acid, 15% phosphoric acid, 0.01% sulfurie acid, 44.99 
water. Cells of this type operated effectively at anode curry 
densities of 3 amp/ft? (3 ma/em?) and 1.0 to 1.5 y, This 
battery compares favorably with the Lalande type batter 
(zine-copper oxide), but because of the larger quantity , 
electrolyte required per watt-hour, it does not compare w 
favorably with the air-depolarized battery. 

Additional references to cells containing a magnesiyp 
anode and cathode of persulfate (19, 31) and magnesium (%) 
or calcium (21) permanganate are found in the literature 
However, none of these electrochemical systems has bem 
developed to date into a practical battery. 


Practical Batteries 


One of the first practical primary cells using magnesiuy 
as the negative electrode was the silver chloride-magnesiuy 


TABLE I 


| | | 
Element Electrode reaction | Density | Con per | aly atte 
potential | | grams* | vol* (cc) 
Na Nat +e = Na | —2.714 | 0.97 | 22.997 | 0.31 «0.32: | $0.17 | 9.2 
Mg Mg** + 2e = Mg | —2.94 | 1.94 12.16 | 0.19 | 0.11 | 0.25 | 0.10 
3 Al Al**+ + 3e = Al _ =1.67 2.70 8.99 | 0.2 | 0.07 | 0.19 0.08 
‘e Zn (alkaline sys- ZnO,~ + 2H.O + 2e = Zn + 40H- —1.316 7.14 32.69 | 1.0 0.14 0.18 | 0.4 
tem) 
Zn (acid system) , Zn**+ + 2e = Zn —0.761 | 7.14 32.69 1.6 0.22 | 0.18 0.63 Bu 
Fe Fe++ + 2e = Fe —0.441 | 7.6 27.9 2.4 0.32 0.038 | 0.17 
: Cd Cd** + 2e = Cd . | —0.402 | 8.65 | 56.2 5.2 0.60 | 3.55 | 2.2 
Pb Pb*+ + 2e = Pb | —0.126 | 11.34 | 103.6 | 30.5 2.7 0.17 | nae 


* Calculations based on hydrogen as other electrode. 
+ Cost is based on price of unfabricated metal. 


alloys as the negative electrode. Aqueous solutions of calcium 
bromide or other halides were used as electrolytes. G. W. 
Heise (11) in his 1933 patent also describes a magnesium 
air-cell type battery. 

Ruben (12) in his patent of 1933 describes a high-resistance 
magnesium potential cell containing an electrolyte composed 
of a glycol compound and a vanadium pentoxide cathode. In 
his patents (13, 14) issued in 1941 and 1942 in which a 
magnesium cell containing chromic acid electrolyte is de- 
scribed, Ruben points out that magnesium becomes passive in 
chromic acid, or alkali, or alkaline earth metal fluoride 
solutions. He found that, when one or more of these metal 
fluorides is added to the chromic acid, magnesium loses its 
passive character during current flow, but returns to it when 
not used if the proper fluoride is present in the correct pro- 
portion. He recommended an electrolyte of the following 
composition: 160 g chromic acid, 100 g water, 1 g magnesium 
fluoride. 

Anderson (15), Forsythe (16), and Barbian and McNulty 
(17, 18) describe a primary cell with carbon and magnesium 
electrodes and a chromic acid electrolyte. Chromic acid 
solutions have some desirable features in that they dissolve 
the magnesium corrosion products formed during discharge 
and yet do not attack the magnesium itself. Barbian and 


water-activated cell described in Harriss’s patent (22) and \) 
Mullen and Howard in their paper (23). A comparable 
battery, silver bromide-magnesium water-activated, is ( 
scribed in Lawson’s patent (24, 25). This cell is the subject 
of a separate review paper by I. C. Blake. (See p. 000C.) 
R. C. Kirk, A. B. Fry, and P. F. George of the Dov 
Chemical Company (3, 26-29) in their patents and pape® 
described some of the efforts to develop a magnesium (! 
cell of the Leclanché type. This work, done under a Squi 
Laboratory Signal Corps contract, is the most significatl 
development work which has been done leading toward 
practical magnesium primary battery. They made a syste! 
atic and thorough study of alloy compositions, electroly" 
compositions, and inhibitors. The alloy which gave the be 
results was AZ31A (3% aluminum, 1% zine, 0.2% mangane* 
0.15% caleium, and the remainder magnesium). Electrolyt® 
consisting of aqueous solutions of alkali and alkaline eat 
bromides can be used, but magnesium bromide gave the be 
performance with respect to anode corrosion on shelf and ¢ 
capacity. Ammonium and lithium chromate inhibitors we" 
also found to be effective in lessening the open circuit © 
rosion attack without affecting the discharge reaction. 
The magnesium dry cells described by Kirk and Ir 
contained a cathode consisting of a mix of manganese ‘1ioxi(* 
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\lack and electrolyte. The separator consisted 
M-Carbplm er of stureh-flour gel or of Kraft paper, the latter being 
dition fMbpjerred because of the increased capacity. This cell con- 


te to thilillyction is in many ways identical with the present zinc 


City construction. 
eN-Cireyim The current producing reactions of magnesium dry cells 
» be written as follows: 
Mg Mg** + 2e 
le 2MnO. + H.O + 2e Mn,O; + 20H- 
Mg + 2MnO. + H.O — + Mg(OH):. 
batten 
in | In their papers the authors presented results obtained on 
mpare fttual magnesium dry cells discharged on standard dry cell 
sts. They have shown that magnesium cells can be made 
agnesiynfm give double the capacity of comparable zinc batteries on 
sium (9MEch tests corresponding to flashlight, lantern, and radio 
iterature 
has beef There are, however, some problems which have to be solved 
BBiore the magnesium dry cell as described supplants the 
ne dry cell. A few of these are: 
|. Magnesium cans cannot be drawn as easily as zine cans 
agnesiunammd, although lighter in weight, are thicker than correspond- 
agnesiunimms zine cans. However, the results which Dow has obtained 


ith impact extrusion of magnesium cans indicate that the 
inufacture of magnesium cans by the impact extrusion 
ethod is feasible. The difficulty is that most of the dry 
Cost per Mttery industry is equipped with zine can-drawing equip- 
ent. 
2. Another problem is the cleaning of the magnesium and 


00 ae preparation of the surface. The following steps are 
0% essary: (a) the lubricant used for coating the slug for 
0.4 Mgepact extrusion has to be removed (using an alkaline 
lution) ; this is followed by (6) one or two pickling solutions 
0.63 Jiphich clean the surface and stabilize it. Presumably a 
0.17 Hirome-type film forms over the metal which conditions it so 
29.2 at it is more resistant to corrosion. 
11.42 93. A third problem which has been pointed out in the 
- irk and Fry papers is that of delayed action. That is, when 
ie circuit of the cell is closed, a few seconds are required 
yr the magnesium cell to come up to operating voltage. This 
by present difficulties in certain applications. 
rath 4. Fourth, the high voltage of the magnesium cell may 
1, is defame'** inconveniences. Most equipment is designed around the 
» subject ame” Leclanché system and the introduction of a new cell 
00C') hich has a higher operating voltage will undoubtedly present 
he Dor problem with respect to this equipment. It is conceivable 
yes hat the solution may lie in lowéring the cathode voltage of 
igh he cell or increasing the internal resistance of the battery. 
ani 5. Finally, magnesium cans cannot be satisfactorily sol- 
waifica ered to give good intercell connections. However, stranded 
oward 
systell 
ectroly' 
the best 
nganes 
etrolyte 
ne eart 
the best 
and ce 
prs wer 
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wire has been spot-welded successfully to the magnesium 
cans. 

The problems as listed above are not believed unsolvable 
and, in fact, the development of a magnesium dry cell has 
progressed to the stage that extensive field tests are being 
conducted by the military (30). 
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Alkaline wet cells employing manganese dioxide as de- 
polarizer were proposed as early as 1882 (1) and again in 
1903 (2). Dry cells of this type were first described in 1912 
(3) and were studied sporadically up to 1936 (4-8). As far 
as can be learned none of these early cells attained any form 
of commercial success. Renewed interest in all kinds of 
alkaline dry cells has been stimulated in recent years by the 
outstanding development of mercuric oxide dry cells by 
Ruben (9, 10) and their ensuing successful manufacture on a 
large commercial scale. In 1949, batteries containing new 
type cells using the alkaline-manganese dioxide system were 
first produced on a commercial basis. 

The alkaline-manganese dioxide cells? now on the market 
are called “crown” cells because of the use of crown-type caps. 
The construction is shown in cross-sectional view in Fig. 1. 

The manganese dioxide-graphite depolarizer mix (usually 
about 10:1 ratio) is pressed into a steel can which is spot- 
welded to the steel positive cap. A porous felt-type cellulosic 
separator holds the electrolyte in immobilized form and 
serves as a spacer between the anode and cathode. Amalgam- 
ated powdered zine is pressed into the plastic ring and in 
contact with the tinplate negative cap to form a porous 
anode. The aqueous electrolyte is about 30 per cent sodium 


Fic. 1. Cross-sectional view of an alkaline crown cell. 1 
tinplate negative cap, 2—zine powder anode, 3—absorbent 
separator, 4—sealing material, 5—plastic ring, 6—depolariz- 
ing mix, 7—steel mix can, 8—steel positive cap. 


hydroxide containing sufficient dissolved zinc to suppress the 
chemical solution of the zinc. Because the depolarizer is 
insoluble in the electrolyte a diaphragm or barrier layer is 
not required. The cell is sealed tightly by crimping the end 
caps over the shoulders of the plastic ring, thereby com- 
pressing the resilient sealing material. 
Upon discharge of the cell, the following reactions occur: 
at the anode, 


Zn — Zn** + 2e 
Zn** + 20H- — ZnO + HO 
at the cathode, 
2MnO, + + 2e + 20H~-. 


The cell has a potential of about 1.52 volts. The zine anode 
is converted to a paste type of zine oxide which varies from 
white to blue with increasing current density. During use, 
the depolarizer increases in volume and changes from black 
to brown, becoming a reddish-orange when the conversion to 
MnO, is complete. Although the electrolyte is not changed 


'Ray-O-Vae Company, Madison, Wisconsin. 
? Matter subject of patent applications. 
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during discharge, both the depolarizer and zine oxide gh. 
electrolyte during use so the cell has the desirab|« feature 
becoming virtually dry and nonleaking after use. Becang 
the reactions occur with almost 100 per cent etlicienc, 
moderate and low drains the cell has a high capacity per up 
volume. 

The alkaline crown-type cells are now being made jy; 
sizes which are used in several battery designs. The cells 4 
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Fig. 2. Discharge characteristics of alkaline MnO, dry « 
(500- “C”’ size): 


Current density 


Carve ne Constant current 
drain electrodes 
Amp/cm# Amp/in.? 
0.25ma .00037 .0061 ().32 
2 0.50ma .00075 (0.63 
3 0.75ma .O18 0.95 
4 1.50ma .0022 .037 1.% 
10 
| 
2 | 
| | 2 
0 5 1.0 1.5 2.0 2.5 


Ma/em? 

Fic. 3. Output per unit volume and weight for alkalis 
MnO: dry cell (size 500 “C”). Curve 1—watt min/em’ to 
v/cell; curve 2—watt min/em* to 1.0 v/cell; curve 3—ws 
min/g to 0.8 v/cell; curve 4—watt min/g to 1.0 v/cell. 


assembled in series for batteries by simple stacking 
enclosure in a suitable plastic or insulated metal shell. T 
500-“C” size of 0.67 em*® (0.041 in.*) is used mostly 
miniature hearing-aid “B” batteries for applications ! 
volving drains up to about 2 ma. The smaller 600-“D” 
of 0.55 em* (0.034 in.*) is used in subminiature heart 
aid “B” batteries for drains up to about 1 ma. A lorger 
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»900-"( , of 2.23 em® (.136 in.*) is being made for portable 
‘io and ange size hearing-aid “B” batteries for drains up 
about |.» ma. 

Typical performance curves for the 500-“C”’ size are given 
fig. 2 and 3. 

The alkaline-manganese dioxide cells being produced were 
.igned for low-drain applications such as those given 
ove. However, it is possible to vary the constituents for 
vial applications so that much heavier drains can be 
ndied. Beeause of the effective seal, the shelf life of these 
is is good and there is little or no loss of capacity on 
laved tests. 
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The use of solid depolarizers in galvanic cells was first 
— isclosed in 1843 by de la Rive (1), but it was not until 1881 
~ at de Lalande and Chaperon (2) devised the first practical 
.\ attery employing copper oxide in aqueous caustic alkali 
' 2 4 Bectrolyte in combination with a zinc anode. The Cupron 
0 2 Magel! (3) in Germany, and the Neotherm unit (4) in England 
ere followed in due course by the Edison (5), Waterbury 
Os dry osm)» and Columbia modifications (7) in the United States. 
“i hough long-sought (8), the substitution of an air-depolarized 
athode for the copper oxide, whereby operating voltage was 
ma/em’ fgepproximately doubled, was not successfully accomplished (9) 
clectrois HB nti] some forty years after the introduction of the Lalande 
lement. 
0.32 Hi The alkaline elements have become the most important 
0.6 i present-day primary wet cells. Their greatest usefulness is 
oa, pund in applieations in which large capacity, ability to 
___Jieliver moderately large currents at constant voltage, and 
ng life are the dominant service requirements. They are 
an ell suited, therefore, for mine, highway, railway, and marine 
gnalling installations, for telephone and telegraph circuits, 
— or radio “A” and various other uses where they may be 


mployed either as the direct source of electrical energy, or as 
tand-by to furnish current in the event of power-line failure. 
lore than 1.5 million Lalande cells are produced annually 
n the U. 8. alone, ranging in capacity from about 75 to 1000 


3 mp-hr and with current output as high as 15 to 20 amp for 
—— 2 “Bathe largest units. A 500 amp-hr size capable of 2 to 3 amp 
4 lischarge rate is most common. Fewer air-depolarized cells 
a i ire made at the present time but, with the advantage of 
a ubstantially higher voltage and lower critical material re- 
julrement, their commercial importance is rapidly increasing. 
Copper Oxide Cells 
yr alksl The anode reactions taking place during discharge of the 
em? (0 "Hitopper oxide-alkali-zine cell are relatively simple. Zine in 
if "RB to 6N caustic soda electrolyte? is oxidized anodically with 
= formation of zineate ions (10) in accordance with reactions of 
pking 4 he general type 
shell. T ‘National Carbon Research Laboratories, Cleveland, Ohio. 
nostly 1 * An important advantage of sodium hydroxide over caustic 
sitions is its substantially lower cost. 
1D” sit *Hantzseh (10) assigns the formula NaHZnO, to the zinc 
» hear omplex the latter may also be written NasZn.O; (2NaHZnO, 


rger sit Nash + HzO). 
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The Alkaline Cell with Copper Oxide or 
Air Depolarization (1902-1952) 


Erwin A. Schumacher' and George W. Heise! 


Zn — Znt+* + 2e (1) 
Zn** + 30H- — HZnO.-* + H.O. (II) 


Except at very high current densities, the zine electrode 
behaves very nearly reversibly (3). In a 5 to 6N solution, free 
from dissolved zinc, it has a potential of —1.32v referred to 
the standard hydrogen electrode (11). 

Upon saturation of the electrolyte with zinc, crystals of 
octahedral zine hydroxide (VI) form on the electrodes and 
container walls, usually in adherent, impervious layers, to 
terminate cell operation. Under special conditions of dis- 
charge, amorphous deposits of zine oxide may be formed, 
and long, needle-like crystals of sodium zincate may be 
observed in cells at low temperature. 

A commercial 500 amp-hr battery requires about 4.4 
liters (equivalent to nearly 9 ml/amp-hr) of 5 to 6N caustic 
soda electrolyte. This concentration represents the range of 
maximum conductivity and minimum freezing point,’ and is 
therefore preferred over more concentrated solutions (6), 
even though the latter can dissolve more zine (12) at room 
temperature and give correspondingly higher capacity. 

The electrochemical reduction of the copper oxide cathode 
is generally thought of as taking place in two steps, (13) 


2CuO + 2e — (IIT) 
CuO + 2e — 2Cu. (IV) 


However, cupric oxide can react chemically with metallic 
copper to form an intermediate oxide 


CuO + Cu (V) 


and, after the initial stages of discharge, equation (IV) may 
be assumed to be the principal cathode process. The over-all 
cell reaction can be written as 


3Zn + 3CuO + 2NaOH 
Na.Zn,0; + 3Cu. + Zn(OH)>. 


The potential of the copper oxide electrode referred to the 
standard hydrogen electrode is —0.26 (14); therefore with a 
zine potential of —1.32 the corresponding cell value for the 


(VI) 


* A 6.0N solution of sodium hydroxide has a specific con- 
ductance of 0.33 ohm@'/em at 18°C, and a freezing point of 
— 28°C. 
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copper oxide-alkali-zine system initially is 1.06 v. Voltages 
up to 1.24 have been reported (6) but since these are not 
reproducible and disappear rapidly in the first stages of dis- 
charge, it has been assumed that they are due to oxygen 
sorbed on the copper oxide or initially dissolved in the 
electrolyte. 

Under normal discharge conditions,‘ the operating voltage 
varies between 0.5 and 0.7 v. Performance characteristics for 
a conventional 500-amp-hr cell are shown graphically in 
Fig. 1 and 2. Potential drops with temperature, and below 
0°F (—18°C), a cell becomes inoperative at all but the 


Capacity—amp-hr 
100 200 300 400 500 600 
0.8 


Volts per cell 


0 0.80 1.60 2.40 3.20 4.00 4.80 
Amp min/cm* 

Fic. 1. Discharge characteristics of 5-electrode, 500 amp- 
hr, copper oxide depolarized cell (70°F). (At 1.5 amp, the 
electrode current density is approximately 3.1 amp/ft? or 0.33 
amp/dm?.) 


Discharge rate—amp 


0.50 «1.0 2.0 3.0 
| 
2.80 + 2.10 
| 
2.70 
| 
32.40 41.80 
ae 
= 2.30 1.72 
i | 
0.066 0.133 0.266 0.400 
Ma/em?* 


Fig. 2. Performance data for 5-electrode, 500 amp-hr copper 
oxide depolarized cell (70°F). 


lowest current densities. For railway signalling applications, 
the minimum safe operating temperature is set at about 
25°F (—4°C), protection against lower temperature being 
provided by housing the cells in underground wells. 

Several forms of the Lalande cell are in current use. The 
zinc and agglomerated copper oxide electrodes are usually 
flat and rectangular (Fig. 3), less frequently annular (6) in 
shape. Mechanical support and electrical connection to the 
external positive terminal are obtained by mounting the 
oxide plates in steel frames, the latter giving support also to 


‘In view of the range of sizes of commercial cells, and the 
complexity of service requirements, detailed discussion of 
discharge characteristics is considered beyond the scope of 
the present paper. Test specifications for railway type cells 
have been prepared by the Association of American Railroads 
(15); typical discharge curves are given by M. L. Martus (6), 
and G. W. Vinal (16). 
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the insulating members from which the zine node , 
suspended. Because exhausted electrolyte is he: -y nq , 
cumulates at the bottom of the container, it is ¢1 stoma, 
place the electrode assembly as high in the battery jar x 
practicable (6). Cell capacity is determined prim: ily 
solubility of zine in the electrolyte and therefure }, 
volume of the latter. f 

The number of electrodes per cell varies according | 
service drain requirements. Usually three (two zine anode 
one copper oxide cathode) or five (three anodes, two cathode 
are sufficient, but up to thirteen may be employed in he, 
duty cells. In commercial practice, the anode-cathode y 
semblies are shipped as units, the caustic soda being packs 
in separate, water-tight containers. Electrolyte preparatiy 
and final cell assembly are carried out in the field, } 
reasons of economy, the weights of anode and depolarix 
material are regulated to give an ampere-hour output oy 
slightly in excess of the battery rating and considerable cy 
is exercised to maintain the active ingredients in balances 
relationship. 


th 


Fig. 3. Five-electrode assembly for 500 amp-hr copper oxi 
railway signal cell. 


The use of granular copper oxide is still practiced. In som 
early cells (17), the depolarizer was placed loosely on 
metal plate at the bottom of the cell container. In a curretl 
modification, the oxide is packed into a perforated, pape 
lined (18) rectangular steel basket with a central metal vam 
connecting the oxide to the positive termmal. The oxide m 
be treated with a small amount of sulfur (19) which raises t 
operating voltage of the cell by about 0.10 to 0.15 v. Ths 
higher voltage provides a factor of safety in the operation 
track circuits, when ballast resistance is lowered by moistu! 

As in the earliest forms of the Lalande unit (20), 
copper oxide plates of present-day cells may be formed 
agglomerating the powdered oxide with a suitable binde 
e.g., caustic soda or a silicate. A mixture of cupric sulfa" 
caustic soda, and copper oxide (21) is said to produce 
particularly strong agglomerate. Whichever binder is u 
the mixtures are compressed and subsequently baked at hig 
temperature, e.g., 1200°-1750°F, to complete the bonditf 
action. Because of the relatively poor electrical cond uetivi 
of the finished electrodes—only partially corrected by “ 
steel suspension frames—it is common practice to !veat ™ 
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tes in. redueing atmosphere (22) to produce a superficial, 
nducting layer of metallic copper. Alternatively, zinc or 
yminun may be sprayed or painted on the oxide surface to 
fect reduction when the electrodes are immersed in electro- 
te. Such coatings are said to be insufficiently adherent or 
table to be completely reliable (6) and it has been proposed 
stead to connect the negative and positive electrodes with 
piece of zine wire which, on contact with electrolyte, causes 
short circuit of limited duration to give the desired reduction. 
Depending on the configuration of the positive electrode, 
ye anodes are cast either as plates or cylinders. Zinc of the 
chest possible purity (6) is used. For maximum stability in 
ye electrolyte, mercury is added to the extent of 0.5-2.5 per 
nt of the anode weight, either by incorporation during the 
ine melting operation or by surface amalgamation. Zinc 
»rrosion is almost theoretical during discharge. However, 
te to the solubility of the copper oxide in the caustic electro- 
te, copper may be deposited on the anode by displacement 
luring periods of idleness, and considerable wasteful corrosion 
pay result. 

For commercial cells, particularly those used by the rail- 
oads, a visual indication of approaching cell exhaustion is 
iesirable to enable the maintainer to anticipate replacement. 
‘or this purpose “drop-out” panels of predetermined thick- 
bess are located either at the bottom edge (23) or in the 
ody of the zine plate (11), or the entire surface of the 
node may be designed to develop characteristic patterns at 
tipulated service stages (16). Indicator panels of different 
hicknesses (23) may be used te mark the approach to the 
elivery of rated capacity. 

The granular caustic soda ordinarily used in the Lalande 
ell is preferably of a high order of purity (6) and the electro- 
yte prepared from it generally is made with water of potable 
juality. Because the preparation of solutions with powdered 
kali may be accompanied by dusting, it is customary to 
irmish the material ‘n the form of flakes or small cubes. 
lusting may be avoided, even with powdered soda, by 
nixing oil with the alkali before it is packaged for shipment. 
olution of the caustic releases the oil which rises to form a 
eal over the solution surface. Such oil seals protect the 
olution against adsorption of carbon dioxide and evaporation 
water. 

Oil is more commonly supplied in separate glass containers. 
t should be of medium viscosity, free from saponifiable 
uaterial and with a surface tension such that creepage of 
lectrolyte and formation of carbonate crystals (15) on the 
op of the cell are prevented. Attempts also have been made 
0 put the oil into electrolyte soluble capsules, shipped in the 
austic soda container (24). In cells employing granular 
“opper oxide, the oil has been incorporated in the depolarizer 
nass (25), floating to the top when the assembly is immersed 
i the freshly prepared, hot electrolyte. 


Air-Depolarized Cells 
Replacement of the copper oxide electrode of the Lalande 


Pell’ with a cathode capable of utilizing atmospheric oxygen 


results in a cell (open-circuit voltage, 1.45-1.50 v) of twice 
he operating voltage of the Lalande unit and frees it from 
many of the limitations of a solid chemical depolarizer. It is 
hot surprising, therefore, that efforts to develop commercial 


*In the form of the Wedekind element (26), a Lalande cell 
Was so designed that the copper oxide cathode of an exhausted 
Fell could be removed and regenerated by heating in air. This 
mMigut perhaps also be considered a form of air depolarization 
though «f course neither continuous, nor effective at the 

oltage the oxygen electrode. 
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air-depolarized batteries should have been made at an early 
date. Perhaps the most ambitious of these was the Walker- 
Wilkins cell (27) patented in 1894 (28) in which zine and the 
bulk of the electrolyte were placed in a porous pot surrounded 
by granular carbon. The carbon, kept moist by caustic soda 
solution trickling through the porous container, served as 
cathode. The difficulty of maintaining a system of this type 
in good operating condition and, no doubt, the low de- 
polarizing activity of the carbon led to the early withdrawal 
of this cell from the market. 

In other attempts as well, lack of suitable carbon con- 
tinued to be a major obstacle to success. In much of the 
earlier work (29) and, for that matter, even in rather recent 
developments (30), “accelerators,” e.g., metal oxides capable 
of electrochemical reduction and subsequent chemical re- 
generation by oxygen, have been employed in small amounts 
to enhance depolarizing activity or to permit the use of 
relatively inert carbon or graphite. With the development 
of active carbons, these “catalyzed” carbons have assumed a 
role of minor importance. 

The electrochemical behavior of the cathode carbons cur- 
rently employed is determined by their structure and the 
amounts and nature of their carbon:oxygen surface com- 
plexes (32). Peroxidie or peracidic linkages are indicated, their 
form depending on the thermal treatment of the carbon (33). 
Exposed to air, the active carbons acquire various amounts 
of both physically and chemically-sorbed oxygen and, in 
contact with aqueous electrolyte, they develop reproducible 
potentials. Because of their marked oxidizing properties (34), 
they have been applied not only to electrochemical de- 
polarization, but also to “catalytic” chemical oxidations with 
air or oxygen (35). 

It seems definitely to have been established (36) that the 
cathode reaction in alkaline electrolyte is based on the 
reversible equilibrium with peroxyl ion: 


O. + HO + 2e = OH- + HO,- (VII) 
and that the final product is peroxide 
OH- + HO, + 2Na*+ Na.O,. + H.O. (VIII) 


Equation (VIII) demands twice as much oxygen per faraday 
as is normally observed in an operating battery. This apparent 
anomaly finds ready explanation in the instability of peroxide 
in the presence of active carbon, and it is only at low tem- 
peratures and high current densities that oxygen consumption 
approaches the theoretical value’ (37). Weiss and Jaffe have 
shown (36) that peroxide in caustic alkali electrolyte does not 
act as primary depolarizer, any beneficial effects associated 
with its presence resulting from liberation of oxygen at the 
carbon :electrolyte interface.® 

The cathodes now in general use are made of amorphous 
carbon (40) in agglomerated rather than in granular or in 
powdered form (41). The finished electrode should be per- 


* The proposal has also been made (31) to combine the 
functions of both copper oxide and carbon black in a single 
electrode, the former designed to act as depolarizer when the 
black becomes overloaded. 

7 The over-all cell reaction may therefore be expressed in 


_ form similar to that used for the Lalande cell (VI): 


3 Zn + } Os + 2NaOH — NaoZn.O; + Zn(OH), (1X) 

8 Various tests have been proposed (38) for the evaluation 

of battery carbon, among them the correlation of rate of 

hydrogen peroxide decomposition with depolarizing quality 

(39). Such factors as fineness and presence of impurities them- 

selves catalytically active throw doubt on the results of such 
measurements. 


| 
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meable to air? but substantially impervious to electrolyte. A 
mild waterproofing treatment, e.g., impregnation with wax, 
grease, rubber (42), or other water-repellent substances in 
volatile solvents, should reduce the penetration of caustic 
alkali electrolyte to a few millimeters per year (43). 

Since the volume of oxygen required in air depolarization 
is fairly large (approximately 4 ec of oxygen or 20 ce of air 
per minute for one-ampere drain), air access must be facili- 
tated, either by making the surface exposed to air as large as 
possible, or by reducing the distance from breathing surface 
to the electrochemically active cathode :electrolyte interface. 


Fig. 4. Air-depolarized cell, railway signal type. Right: cell 
renewal unit; left: assembled cell. A-—carbon cathode; B— 
zine anodes; C—exhaustion indicator panels; D—breather 
opening; E—porcelain cover; F—filler opening for oil; G— 
movable suspension bolt; H—flexible cable cathode connec- 


tion; I—earbon ventilating openings; J—plastic collar; K— 
oil layer. 


Amp-hr 
0 100 200 300 400 500 600 700 800 900 


+50 MA 


_— MA 


Volts per cell 


0 1 2 3 4 7 
Amp min/em* 
Fic. 5. Discharge characteristics of general purpose air- 
depolarized cell (70°F). (At 650 ma, the electrode current 
density is approximately 3.1 amp/ft* or 0.33 amp/dm*.) 


In consequence, carbon electrodes of a wide variety of shapes 
and configurations have been developed, these ranging from 
the conventional molded block to a cylinder or annulus (44) 
and various modifications of “ventilated” and hollow elec- 
trodes (45). In some cell types, the carbon has been used as 
the cell wall (46). 

In a recently developed cathode, a layer of active carbon 
particles, bonded with a plastic, is attached directly to a 
perforated metal (e.g., iron) plate. An electrode of this type 
offers several advantages. It can be made much thinner than 
the conventional type and occupies less space; it is stronger; 


* Weisz and Jaffe (36) believe that the conventional elec- 
trodes are sufficiently porous to permit diffusion of all the 
oxygen required for ordinary current loads. 
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its conductivity is greater and depolarizing activ. y over y 
entire active surface is much more uniform. 

The conventional cells are usually operated it cup 
densities of 7 to 10 amp/ft* and higher drains ace poggipj, 
With oxygen instead of air (47) well over 100 aiip jit mat 
be obtained. 

Of the many cell forms that have been deveioped, 4 
following are of greatest technical and commercial importay,, 

The simplest form of the air-depolarized cell, the “Raily, 
unit (Fig. 4), is designed, like its Lalande prototype, for {ny 
assembly in the field. Its component parts, a zine:carhy, 
electrode unit, granular caustic alkali, and oil, are separate 
packed and shipped dry. The emergent portion of the cathy, 
is shielded by a plastic or metal collar (48) to protect 4 
carbon from the oil layer. 

Cells of this type are usually of 500 amp-hr capaci 
capable of operating at drains as high as 2.0 amp on ¢) 
tinuous, or 3.0 amp on intermittent load. Their rate , 
deterioration is slight so that their rated capacity can 


realized over a service period of two years. Caustic sj 
electrolyte is generally satisfactory for temperatures doy 


to 0°C or a little less (25°F); with caustic potash, cells remaiy 
operable at temperatures at least as low as —35°C ( —30"} 


Discharge rate—amp 
0.12 0.24 0.36 0.48 0.60 0.72 


| 
9.0 
S 8.0 
= 
* 
~ 
= 6.0 
5.0 


0.02 0.04 0.06 0.08 0.10 0.12 
Ma/em* 


Fic. 6. Performance data for a general purpose air-depolar 
ized cell (70°F). 


Fully-assembled reserve cells of the water-activated tyye 


have also been made available (49), usually in units of 3) 
800 amp-hr capacity. These are generally characterized }) 
lower current output than the “Railway” cell, but provid 
greater amp-hr capacity per unit of volume or weight thu 


the latter (Fig. 5-6). One of the most common of these ® 


shown in Fig. 7. 

The battery, either in the form of a single cell or as tv 
cells in series, is built into and enclosed in a plastic ca* 
The electrode assembly is surrounded by cast sodium | 
droxide monohydrate (50) (NaOH-H.O, mp 65°C), wh 


protects the fragile carbon electrode from breakage dunt 


shipment and handling. Hydrated lime (51) compound 


with cellulose floc or other extender (52) is placed at th 


bottom of the cell. This material reacts with dissolved 1! 


forming insoluble calcium zincate and thus regeneratilt 


exhausted electrolyte: 
Ca(OH), + Na.Zn.0, CaZn.0; + 2NaQOH. (X 


The use of lime has made possible a reduction in electroly" 


volume from an original requirement of 7-9 ce down to 3 
per amp-bhr. 

The battery leaves the factory completely assembled 4” 
sealed to prevent deterioration. Activation is acconplishé 
by breaking a frangible diaphragm (53) in the filler opening 
adding tap water, and removing the seal (54) over thr earbol 
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19; 
\ithou. considerable work has been done on the im- 
piliga’ on of caustic alkali electrolyte (55) only miniature 

ir-depo rized dry cells have thus far been produced com- 
ib curregd cially. A cell (56) of 5.5 amp-hr (6.0 watt-hr) capacity, 


Over thy 


signed for use as supply for portable hearing-aid sets 
p/itt 
P/ft® shown in Fig. 8. 
oped, 
LPOrtanes 
‘Railwg 
for fi 
Ne Carhey ° 
separate 

1K 4 
rotect 

B- +4 K 
capacity 
P on £ y L 
r rate VA | 

istic 
res dowy Fig. 7. Air-depolarized battery, radio, and general purpose 
lls rems type. Right: sealed cell, before water addition; left: activated 
( —30°F ell ready for use. A—lime slurry; B—zine anodes; C—carbon 


cathod) +=D—solution level indicator; E—asphalt seal; F— 

filler opening cap; G—auxiliary casting of NaOH-H,O and 

(a(OH)2; H—frangible diaphragm; I—removable cellophane 

seal: J—east caustic soda (NaOH-H.O); K—plas@ic case; L— 
at briquetted lime. 
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pounde cathode; E—earbon; F—air space; G—inner seal; H—negative 
fm cerminal; I—electrolyte; J—zine anode; K—paste support; 
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ved 
nerating 
The unit, completely assembled at the factory, consists 
essentially of two metal-backed, plastic-bonded carbon cath- 
L. (AM odes (the metal perforated to permit air access) molded 
ectrolytl directly into a plastic container; an amalgamated, centrally 
» to 3 located zine anode; and a starch-gelatinized electrolyte of 9N 
‘austie soda containing dissolved zinc.'* In electrolyte of this 
bled an 
‘che " Addition of zine oxide or hydroxide to alkaline electro- 
opening yte has long been practiced in the alkaline battery art (Des- 


| mazure. 1886; Boettcher, 1890) (57). 
parbol 
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composition the over-all cell reaction becomes 
2Zn + O2 — 2Zn0. (XT) 


The zine oxide, precipitated in porous form, interferes very 
little with cell operation. The electrolyte is therefore sub- 
stantially nonvariant, and no addition of lime is required to 
achieve high output. The cells, individually taped and packed 
in air-tight containers to prevent zine corrosion and moisture 
loss, show little deterioration during shipment and storage. 
Once activated—by removal of tape—they should be placed 
in service as soon as possible and used under conditions in 
which their rated capacity can be delivered within about 
three to four weeks. 

This cell is designed for comparatively low drains—30 to 
60 ma (2 to 4 amp/ft? of electrode area)—and does not 
operate effectively at temperatures much below 15° to 18°C. 
Within its field of usefulness, however, it is probably the 
most efficient, per unit of weight (200 watt hr/kg) of the 
commercially available batteries. 


* * * 


The progress of the alkaline battery during the past fifty 
years has been spectacular. Its technical development (see 
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Fia. 9. Fifty years of progress in alkaline batteries: A— 
conventional copper oxide cell; B—high voltage cell (sulfured 
CuO); C—electrolyte regeneration (lime reactant); D—air 
depolarization (lime reactant); E—air depolarization (lime 
with extender); F—dry type, air-depolarized cell. 


Fig. 9) has been marked by a six- to sevenfold increase in 
electrical output per unit of weight or volume and its capa- 
bilities have by no means been exhausted. While interest in 
primary batteries continues, the importance of the alkaline 
cell should increase rather than diminish. 
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ANNIVERSARY ISSUE ON PRIMARY CELL SYSTEMS 


The Alkaline-Mercury Oxide Cell 


James M. Booe' 


These alkaline-mereury oxide cells, as commercially pro- 
yed, are dry cells, employing a depolarizer of mercuric 
ide, an immobilized electrolyte of potassium hydroxide 
)ntaining a substantial amount of zincate, and an amalgam- 
ted zinc anode. 


Historical 


In 1884 Clarke (1) deseribed a mercuric oxide liquid alka- 
ne primary cell as did Bronsted (2) in 1915. During World 
ar | attempts were made to produce mercuric oxide liquid 
kaline cells. 
The “RM’” cell, developed by Samuel Ruben‘ in the early 
art of World War II, utilized a cathode-depolarizer of mer- 
ric oxide and finely divided graphite compressed into a hard 
ellet, an amalgamated zine anode, and electrolyte of potas- 
ium hydroxide substantially saturated with zincate, the 
ectrolyte being held in an absorbent spacer-barrier inter- 
wsed between the two electrodes, the cell elements being 
joused under compression in an air-tight sealed steel case. 


Zhe cell contained no free flowing electrolyte. 


Ruben’s work demonstrated the ability of his cell to with- 
tand severe storage and operating conditions over extended 
eriods of time. The Battery Branch of the U. 8S. Signal 
orps recognized this and promptly sponsored the develop- 
ent and establishment of production for relatively large 
jumbers of cells for military use. 

By the end of the war, peak production of the RM cell 
vas in excess of 1,000,000 cells per day. Production has since 
ontinued on a large scale both for military and civilian use. 
‘he cell as manufactured today is considerably improved 
wer the cells first manufactured during the last war, although 
he fundamental features are retained. 

A number of patents (3) were issued to Ruben covering 

his developments. 


Applications 


Mercurie oxide cells are characterized by their high ratio 
oi energy to volume, long shelf life, uniform discharge poten- 
tial, resistance to environmental conditions of corrosion, 
temperature and pressure, and are mechanically rugged and 
stable. Although these cells will operate at such elevated 
temperatures as 125°C (257°F), their performance at rather 
iow temperatures is limited except at low rates of drain. 

One of the important applications of cells of this system 
is in the construction of multicell military batteries. Other 
ses include alarm systems, radiation detection devices, port- 
able test apparatus, and scientific and clinical laboratory 
istruments. The main application of mercuric oxide cells, 
however, is for the “A” supply of hearing aids. The rather 
iniform open circuit voltage of this system makes it applicable 
's secondary standards of potential where extreme precision 
‘hot required. Because of this characteristic the cells lend 
themselves as a source of potential for the grid elements of 
electron tubes. 


‘P. R. Mallory & Company, Ine., Indianapolis, Indiana. 
*A contraetion of Ruben-Mallory used by the Signal Corps 
‘0 designate the battery. 
Ruln Laboratories, New Rochelle, New York. 


Anodes 


The anodes used in the alkaline-mercuric oxide cells may 
be in one of the following general forms: 

1. Amalgamated zine powder of a special grade amalga- 
mated with about 10 per cent of mercury by weight is pressed 
into the desired-shape, such as a pellet or cylinder, under a 
pressure of several tons per square inch (Fig. 2). A highly 
porous structure is developed with considerable subsurface 
activity during use. The maximum current-density rating is 
about 18.5 ma/em?* (120 ma/in.*) of apparent area. 


BARRIER 


STEEL TOP 


ELECTROLYTE- 
ABSORBENT 
MATERIAL 


OUTER STEEL CASE DEPOLARIZER PELLET BARRIER 


Fie. 2. Cross section of pressed-powder-anode mercuric 
oxide cell. 


2. Corrugated zine foil of 99.99 per cent purity is wound 
into a roll with an absorbent paper, the latter to retain elec- 
trolyte at the entire interface of the anode (Fig. 1). Winding 
is done in a staggered manner so that one edge of the zinc 
protrudes from one end of the roll and paper from the other. 
This type of anode is amalgamated, after saturation with 
electrolyte, by the addition of 10 per cent of metallic mercury 
to the end of the roll having the exposed edges of zinc. 

3. Corrugated zine foil or strip is wound into a roll with- 
out absorbent paper and, after transferring into the negative 
cell member, is amalgamated with metallic mercury. 

This and other forms of wound anodes are used in cells 
with gelled electrolyte. Foil type anodes have a permissible 
current-density rating up to about 0.8 ma/em* (5 ma/in.2). 


i. 
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Fic. 1. Cross section of wound-anode mercuric oxide cell. i 
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Cathode 


The depolarizer consists of an intimate mixture of about 
92 per cent red mercuric oxide and 8 per cent micronized 
graphite, the latter imparting electronic conductivity. The 
mix is molded under high pressure directly into the cathode 
member (Fig. 1 and 2), or is pressed as a discrete part and 
assembled into the cell, depending on the type of cell pro- 
duced. Permissible current-density rating of the cells based 
on depolarizer area is about 15.5 ma/em? (100 ma/in.’). 


Electrolyte 


The electrolyte--s,arator members used in the alkaline- 
mereuric oxide ceils are of two general types: 

1. Liquid electrolyte of 35 to 40 per cent KOH content 
containing approximately 5 per cent ZnO is absorbed in a 
separator material of alpha cellulose. In wound-anode cells, 
a single layer of paper is used between the zinc windings, 
while in pressed-powder cells, multilayers of paper or cellulose 
felt are used. In addition to this absorbent, the liquid elec- 
trolyte cells require an ion-permeable “barrier” to prevent 
migration of particles from the depolarizer to the anode. This 
barrier, generally of parchment paper, is positioned next to 
the depolarizer interface, thus leaving the cellulose absorbent 
to contact the anode. 

2. The other type of electrolyte-separator is a gelatinized 
form of the liquid electrolyte having approximately the com- 
position indicated above. Gelling is effected by the addition 
of 1.5-4 per cent carboxy-methyl-cellulose. This can produce 
an electrolyte member sufficiently rigid to eliminate the need 
for paper absorbent or barrier. However, for the more severe 
applications a parchment barrier is used. In another arrange- 
ment which also involves the anode, the electrolyte-member 
is made by rigidly gelling a liquid electrolyte of approximately 
the same composition with carboxy-methyl-cellulose with the 
zine powder amalgam dispersed throughout it.‘ A barrier is 
required between this member and the depolarizer. 


Theory of Operation 


The over-all discharge reaction of this system may be 
presented as: 


Zn + HgO + HO — ZnO + Hg + HO 


with the liberation of two Faradays of electrical energy per 
mole of active electrode materials. In the above over-all reac- 
tion water appears on both sides of the equation; thus the 
net result is that no water is abstracted from the electrolyte. 
The theoretical voltage (4) of this system is in close agree- 
ment with the measured value of stabilized cells, namely, 
1.345 volts. The cells owe their stability, in large part, to the 
presence of potassium zincate in the electrolyte in substan- 
tially saturated concentration. This is produced in the prep- 
aration of the electrolyte by reacting ZnO with KOH. 


ZnO + 2KOH — K.Zn0, + HO 


The presence of the zineate ion inhibits the chemical attack 
of the KOH on the zine anode by the mass action effect. 
In newly assembled cells an initial voltage of about 1.4 volts 
may be obtained. However, within a few hours the voltage 
becomes stabilized at or near the 1.345 value. Uniformity and 
stability is also promoted by the high degree of purity of all 
cell constituents. 

In addition to the rather reproducible open-circuit voltage 
the system has a fairly constant discharge potential. Con- 


‘Under development by The Magnavox Company, Fort 
Wayne, Indiana. 
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tinuous-discharge capacity is virtually equal to in ormit 
discharge performance. These characteristics ar pro} 
due to the direct reduction of HgO to Hg without ‘nternf. 
ate products, in combination with the fact that tive ele 

lyte composition remains constant during discharg:. | 


Cell Mechanics 


The cell-discharge reactions are accompanied by de 
physical changes in the electrodes and electrolyte-absor| 
member. Herein lies the necessity for a rather precise array 
ment of these parts if optimum performance is to be rea)j 
In an undischarged cell with liquid electrolyte the anog 
supported in position by a moderate compression of the ¢ 
trolyte-absorbent member against the cathode. In some 
electrolyte cells, the anode is loosely anchored in the negaf 
terminal member as assembled; but during discharge, ex, 
sion of the anode due to the formation of zine oxide ey 
a slight but continuous compressive force on the gel-elec{i 1c 
lyte member. The anode expands to about twice its orig 
volume during complete cell discharge. Mercury released 
the anode amalgam remains, in part, in the zine oxide @ ¥ 
part accumulates on the negative terminal member. Provis 
must be made to prevent this free mercury from causing 
short circuit to the positive cell member. This is accomplis| 
by an extension of the sealing gasket to the absorbent 
anode sleeve (Fig. 1 and 2). Also during discharge, the | 
polarizer becomes soft due to its conversion to metallic 1 
cury. Expansion of the anode tends to force electrolyte fn 
the absorbent or gel; this makes it available for absorption 
the depolarizer as the latter is progressively reduced. This 
important because reduction begins substantially at the : 
face and progresses through the depolarizer mass as the | 
is discharged. 

Since the electrolyte is not consumed in the cell reactic 
a relatively small quantity is required, i.e., about 1.35 g/1\) 
ma hr. Furthermore the energy—volume ratio of the electrw 
material is quite high. Full advantage is generally taken 
these factors in the design of cells. This high energy—volux 
ratio is based on the fact that 1.00 g of HgO and 0.302 ¢: 
zine will produce 0.247 amp-hr of current. [Because of ‘! 
graphite in the depolarizer and mercury in the anode, 1.00 
of depolarizer (92% HgO, 8% graphite) and 0.308 g of anod 
amalgam (90% Zn, 10% Hg) will: actually deliver 0.2 
amp-hr.] At low rates of drain this amount of energy « 
be realized, but at maximum rated drains somewhat less 
obtained, being as much as 10 to 15 per cent below the the 
retical value, depending somewhat on the type of cell « 
struction. This performance is based on an end voltage of | 
volts. 

The various factors of electrode reactions and their physic 
manifestations must be taken into account in the design «! 
construction of the cell. This applies to the container as ¥ 
as to the active components. All cells are tightly sealed ' 
prevent loss of electrolyte, to increase rigidity, and to av 
access of air to the active materials. All cells also have « 
external member, the negative terminal, forming part o! t! 
closure; this is generally termed the cell top (Fig. 1 and ? 
This part is of material electrochemically suitable for conte 
with the anode in the presence of electrolyte. Among the» 
ceptable metals are copper and certain of its alloys (prefers)! 
silver plated). Steel is preferred, although it requires a pli 
ing of an amalgamable metal such as tin. It is best also '" 
the other external cell member and may be nickel plated " 
inhibit exterior cell corrosion. Steel has the property of inet 
ness to the alkaline electrolyte and to the depolarizer ¥ 
which it must make good contact. This member serv’s 38 ‘!# 
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4 
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A gust | 99, 
:orminal for the cell and is generally termed the cell 
" are pro} Cells are tightly closed by deforming the edge of the 
Out inter tive iaember or case around the edge of the negative from 
hat tlie ele ) it is insulated by a sealing gasket (Fig. 1 and 2). Ac- 
jeharg.. able gasket materials are polyethylene and neoprene, the 
r being used in cells for military applications or where 


ied by de mal temperatures are encountered. 
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1g. 3. Photographs of some mercuric oxide cells showing 
stive sizes and shapes. Identification (with Tables I and II) 


Y released fm left to right: RM-42 (“D” size), RM-502, RM-4, RM-3, 
inc oxide RM-1, IR, and RM-1IRX. 

er. Proyis 

om causing TABLE I. Dimensions and ratings of wound-anode 
accomplis mercuric oxide cells 

arge, the. Diam Ht | Vol | Wt city 
(in. (cm) | )| ) cin) | @ | 
0.606 54) 0.490 |1.24) 0.14 |2.29 0.28 | 7.94) 650 
need. Thi 0.819 |2.08| 0.518 |1.32| 0.27 4.42) 0.56 |15.9 |1400 
y at thes 3R 0.973 2.47 0.523 |1.33, 0.38 |6.23, 0.84 23.8 |2000 
8 as the @ 1.187 /3.01) 0.541 /1.37) 0.60 |9.85, 1.30 [36.8 |3200 

1.35 0/1" TABLE II. Dimensions and ratings of pressed- 

powder-anode mercuric oxide cells 


lly taken Diam | Ht Vol 

rgv—volun No. | = 

1 0.302 (in.) |(cm) | (in.) (cm) | (in.*) | (cm) (02) | (g) | {me 

ause of ti 


| } | 
RM-IRX (0.606|1.54 0.22610. 57410. 070 1500. “4 3.97, 250 
RG-1 0.625 1.580.660 1. 675.0.200 3.28 0. 49 13.88, 1000 


ode, 1.00 
g of ano 


liver 0.2RM-1 1 .650,0.200, 3.28 0.43) 12.17) 1000 
energy 1.000 8.52 1.02 28.90 2000 
hat les 1.650,0.500 8.20 0.91 25.75, 2000 
the them 1 .675,0.770 12.63 1.42, 40.25) 3400 


RM-4 210)3 .07/0 .650)1 .650,0.740,12.13 |1.50, 42.50) 3200 


(0.390, 6.40 1.05, 29.73 2400 
RM-12 0. 625 1. 58 1.9504.95 0.600 9.83 1.40 39.65) 3600 

oh RM-42 '1.190'3.02 2.3756 .03 2. 600 43. 60 5. 85 165.5 (14000 

lesign «1 RG is General Dry Battery Co. designation. 

er as Ww KM is P. R. Mallory & Co. designation. 

sealed 

| to av The first cells produced were exclusively for military appli- 

have on™mm@ tions and were principally used in the construction of bat- 

art of tg ries for transceivers. A number of structural changes have 


1 and 2m ‘tce been made for civilian uses and for improved military 


r *etvice. The original negative-terminal zine top was first 
the sf "placed by copper and subsequently by tin-plated steel which 
referablif/™ stronger, permits a more exact control of anode zinc content, 
s a plitfiam “hd facilitates intercell welded connections. The acceptability 
also ffl Of metals other than zine for this cell part depends on a reac- 
plated tm tion in which the zineate ion in the electrolyte plays an im- 
of inet Portant part. Upon assembly of the cell a local couple is 


zer wil “tabli-hed between the zinc anode and the cell top or ter- 
og as the "inal 


ANNIVERSARY ISSUE ON PRIMARY CELL SYSTEMS 


etal with which it is in contact. The potential of 
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this couple is of sufficient magnitude to electrodeposit zinc 
from the electrolyte onto the terminal metal until it is com- 
pletely covered; furthermore, this deposited zinc is amalgam- 
ated by mercury from the anode with which it is in contact. 
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Fic. 4. Relation between discharge current density and 


closed-circuit voltage of alkaline-mercurie oxide RM-12 cell 
at 70°F. 


Current density of discharge 


Ma/in.? Ma/cm? A Av 
A 122 18.9 5.4 | 417 
B 61 9.45 | 12.7 | 208 
C 30 4.65 | 6.3 103 
40 8 
| | 
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= 
~ 
3 
= 
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Ma/em? drain 
Fig. 5. Relation between discharge current density and out- 


put per unit volume and weight of alkaline-mercuric oxide 
RM-12 cell at 70°F to .9 v cutoff. 


The position of the cell closure, originally at the top of the 
cell with resultant close spacing between the parts, has been 
somewhat changed. The radially-crimped cells (Fig. 1 and 2) 
which replaced the earlier axially-crimped cell, embodies a 
redesign of the cell exterior which extends the edge of the 
top member part way to the depolarizer and effects the seal 
at this point, thus increasing the distance between the anode 
and the positive member. This change, along with improved 
gasketing, has virtually eliminated the possibility of cell 
failures due to internal short circuits. 
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Another improvement in cell construction was effected for 
individual cell applications where the units are not enclosed 
in a battery container. When there is an electrochemical ex- 
cess of anode zine over the depolarizer, hydrogen gas is liber- 
ated at the cathode member after the depolarizer is spent if 
the cell is left on cireuit. Under these conditions sufficient 
pressure can be developed to rupture the cell. This is over- 
come by a “balanced” (5) construction in which a slight ex- 
cess of depolarizer is used over that. stoichiometrically re- 
quired for the zine anode. 

To further preclude the possibility of cell rupture from such 
causes as local action at the anode, unbalanced construction, 
externally applied voltage, etc., an improved venting® arrange- 
ment may be used. Essentially these cells are made with two 
cases, the outer effecting a seal with the cell top member in 
such manner as to hold the latter in sealing relationship with 
the top edge of the inner case. Should abnormal pressure de- 
velop within the cell, the top raises slightly to permit venting 
into the annular space between the two cases. Any electrolyte 
vented is retained by an absorbent member in this space, and 
any gas escapes through a hole in the outer case. Fig. 2 shows 
a cutaway view of this construction. 

Some gel-electrolyte cells are vented by scoring the cell top 
to produce a weakened area. This gives way if abnormal pres- 
sures are generated, allowing gas and electrolyte to pass into 
a space between the top and an auxiliary terminal cap where 
any electrolyte is retained by an absorbent. Double case 
construction also is employed in gelled-electrolyte cells where 
venting takes place through the case rather than through the 
top. 

Mercuric oxide cells, for the most part, differ in sizes and 
shapes from those of the Leclanché system. Fig. 3 shows some 
of the forms currently produced. (The largest cell shown is 
approximately the ““D” size.) At present, cells of this system 
may be divided into three general groups according to their 
construction and uses. 


5 Subject matter for patent application. 


The alkaline-silver peroxide-zinc element has been the 
subject of numerous investigations and patents. Only in 
recent years, however, has interest shifted from the study of 
its behavior as a secondary battery to an examination of its 
applicability as a primary cell. Clarke (1) in 1883 described 
a battery composed of silver oxide cathodes wrapped in vege- 
table parchment, bibulous paper, muslin or other suitable 
material, a zinc anode, and a sodium or potassium hydroxide 
electrolyte. Jirsa (2), Zimmerman (3), Kinoshita (4), and 
Andre (5) have described the use of silver oxide cathodes with 
anodes of iron, cadmium, or zinc. A list of the more important 
patents (6) by Jungner, Hubbell, Morrison, Brénsted, Drumm, 
Andre, and others shows how extensive the investigations 
have been in the secondary field. 

The first practical silver peroxide-zince alkaline reserve-type 
“one shot” high-rate primary battery was developed during 
World War II through the joint efforts of the National Bureau 


' National Bureau of Standards, Washington, D. C. 


The Silver Peroxide-Zinc Alkaline Cell 
Paul L. Howard' 
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1. Cells having a flat depolarizer element and 4 Wwoun 
anode. Although these cells are generally unvente:' anq ,, 
balanced, some are made with these features. Th)- type 
primarily used for multicell battery constructions, «specia| 
for military applications. Table I lists such cells togeth 
with dimensions and ratings. 

2. Cells having a flat depolarizer element and a flat press 
powder anode. (Gel cells with a wound corrugated zine ano, 
may be classed here.) These cells are vented and balanca 
and are used primarily for single cell applications. Table |) 
lists cells of this type with their dimensions and ratings, 

3. Cells having a cylindrical depolarizer element and , 
cylindrical pressed powder anode. These cells are vented ay, 
balanced and are used primarily for single cell applications 
and where drain rate requirements are high. Cells of this tyy 
are also found in Table IT. 

Performance of the alkaline-mercuric oxide system is repre. 
sented in Fig. 4 and 5. 
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of Standards (7), the Naval Research Laboratory (5), an¢ 
T. A. Edison, Inc., under the direction of the Bureau 0 
Ships. 

This battery is composed of a silver peroxide cathod 
consisting of a coating of silver oxide or silver chloride on ‘ 
grid material such as silver-plated copper, nickel, or silve! 
wire or screen, subsequently reduced to silver and electro 
lytically formed to silver peroxide (7), an anode of zine cot 
sisting of sheet zinc, zine plated or zine dust pasted on coppe! 
nickel or silver wire or screen, and an electrolyte of 25 
35 per cent potassium hydroxide solution. 

While the exact mechanisms of the electrode reaction 
(8) have not been completely established, the similarity 0! 
the changes taking place during discharge with those oecurrins 
in other alkaline cells suggests the following as the most pro! 
able mechanism (7): 


Ag.O, + 2 KOH + Zn — K.ZnO0, + HO + Ag0 
Ag.O +2 KOH + Zn — K.Zn0, + + 2 Az. 
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Denison (7), Vinal (8), and White, Pierce, and Dirkse (9) 
ve outlined the performance characteristics of this system. 


2 
Amp/em$ 


Fic. 1. Output per unit volume (A) and per unit weight 
8) for silver peroxide-zine cell. 


Volts 


! 2 3 4 5 
Amp min/em® 

Fic. 2. Discharge characteristics for silver peroxide-zinc 

cell. Curve 1—0.19 amp/em*, electrode current density of 0.0357 

amp/em? (0.23 amp/in.?); curve 2—1.55 amp/em’, electrode 

current density of 0.233 amp/em* (1.50 amp/in.?); curve 3— 

2.32 amp/em’, electrode current density of 0.549 amp/cem?* 
2.25 amp/in.*). 


They have shown that it is suited for operation at tempera- 
tures above 0°C but not in excess of 85°C, for continuous 
discharge at current densities up to 1.0 amp/em?* (2.5 amp/ 
i"), throughout periods of from 1 minute to several hours, 


99, \0. 8 ANNIVERSARY ISSUE ON PRIMARY CELL SYSTEMS 


and for indefinite storage in the dry state but limited to 24 
to 72 hours activated stand life prior to use. 

The over-all performance of this battery has been com. 
piled for a discharge condition where the batteries were dis- 
charged at a constant current to a 1.00 volt end point at a 
temperature of 27°C. Fig. 1 gives the watt minutes per cubic 
centimeter and per gram and Fig. 2 gives the variation in 
voltage for rates ranging from .19 amp/cm* to 2.32 amp/cm*. 

These batteries have not been developed for commercial 
production; however, experimental batteries have been made. 
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Silver chloride-magnesium water-activated batteries first 
became available on a commercial basis in 1943. In the period 
of 1943-45, several battery types using gilver chloride-mag- 
nesium water-activated cells were produced for the military. 
In the period of 1945-52, applications for these batteries be- 
came more numerous and batteries are now produced on a 
%ommercial basis for a diversified list of military and civilian 
uses. 

The silver chloride-magnesium cell consists of an anode of 
unalloyed, high purity magnesium, a cathode system of silver 
and silver chloride, and an absorbent separator of cellulosic 
material. The cells are maintained in the inactive state by 
assembling the dry elements into cells or batteries in the ab- 
sence of electrolyte and immediately packing the cells or 
batteries in hermetically sealed containers. At the time the 
cells or batteries are used, they are immersed in water to 
render them active. When the cell is discharged, the following 
reactions take place: 


Mg — Mg** + 2e 
2AgCl + 2e — 2Cl- + 2Ag 
Mg** + 2Cl- MgCl, -6H,0. 


The reactions proceed with great rapidity and the cell 
develops its full voltage and current delivering power very 
rapidly. Inasmuch as the silver chloride is reduced to silver 
metal, the electronic conductivity of the depolarizer mass is 
increased as the discharge reactions proceed and the operat- 
ing voltage of the cell is maintained at a high and constant 
value. When the silver chloride is completely reduced to silver 
metal, the voltage falls rapidly. 

The operating voltage of cells and batteries ranges from 
1.32 v per cell at a discharge current density of 2.00 amp/cm' 
(32.78 amp/in.*) or 0.072 amp/cm* to 1.60 volts per cell at a 
discharge current density of 0.006 amp/cm’ (0.10 amp/in..) 
or 0.0002 amp/cm*. 

Silver chloride-magnesium batteries, after activation in 
water at temperatures above O°C, can be discharged at 
ambient temperatures ranging from +94°C to —54°C, with 
outputs at either extreme of the temperature range being 
substantially the same as the output at +21°C. 

Several variations of cell and battery designs are manu- 
factured. A cell for discharge at extremely high current den- 
sities consists of an anode of thin magnesium sheet and a 
cathode of silver foil, upon the surfaces of which a layer of 
silver chloride has been electroformed, separated by a layer 
of thin absorbent paper. The cell components are rolled up to 
form a cylindrical cell having a large active surface area per 
unit of volume. Such cells are usually designed for discharges 
to be completed in 30 minutes or less. 

Batteries for applications requiring lower current densities, 
longer life (0.5-24 hours), and a relatively constant discharge 
voltage are made from cells using flat depolarizer sheets of 
rolled silver chloride, magnesium sheet anodes, and relatively 
thick absorbent pads as separators. 

Silver chloride-magnesium water-activated batteries are 
available in sizes ranging from 1 to 1050 ampere minutes 
rated capacity and in voltages ranging from 1.5-150. 


' Burgess Battery Company, Freeport, Illinois. 
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Performance of the silver chloride-magnesium 
vated battery is shown in Fig. 1 and 2. 
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Silver Chloride-Magnesium Reserve Battery 
Ivan C. Blake’ 


12 


Volts per cell 


Amp min/em?* 
Fic. 1. Discharge characteristics of silver chloride-mag 


nesium cell. 


Discharge current 


Amp/cm? Amp/in.* sir 
A 0.006 0.098 0.0002 
B 0.100 1.639 0.0034 
Cc 0.500 8.195 0.0180 
D 1.000 16.390 0.0360 
E 2.000 | 32.780 0.0720 
6 3 
A 
Ne. 
4 alee 
= 
= 
3 
2 
Amp/cem* 


Fic. 2. Output per unit of volume (A) and weight (B) for 
the silver chloride-magnesium cell. 


These batteries are used in airborne electronic equipment 
signal lights, emergency flares, lights for pilot balloons, marke! 
lights for floating buoys, light units for movie work, d- 
motors, Radiosonde units for weather observation work 
emergency radio equipment, air-sea rescue equipment, ig! 
tion systems, emergency lights for hospitals, and directio! 


finding equipment. 


Silver chloride-magnesium water-activated batteries a! 
characterized by high current and power output, constant 
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jential. ight weight, long shelf life in the inactivated condi- 
on, and are capable of being discharged at temperatures 
anging from +94°C to —54°C. They have the disadvantages 
‘being clatively high in cost (because of the silver content) 
nd of inconvenience of activation procedures in certain ap- 


ications. 
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The Cuprous Chloride-Magnesium Reserve Battery 
L. E. Pucher' 


Cuprous chloride-magnesium, water-activated reserve-type 
atteries were first made commercially in 1949, these having 
been developed particularly for the military. Several types 
re now being produced. 

The use of cuprous chloride as the oxidizing agent in a 
rimary pile-type battery was suggested as early as 1891 in a 
British patent (1), in combination with a zine anode and a 
() per cent zine chloride electrolyte. Adams (2) in 1943 
tented a reserve-type cell having a magnesium cylindrical 
an anode with a cathode core of fused cuprous chloride cast 
ound a copper core. 

The cells and batteries now being made are of the pile 
type. A sheet of magnesium of at least commercial purity is 
eparated from the cuprous chloride cathode by a porous 
eparator made of various natural or synthetic textile fibers. 
[his separator also serves to retain the aqueous activating 
quid. The cathode is preferably of the pasted type which 
tivates much more rapidly thar the fused type. It is made 
applying a paste of powdered cuprous chloride and a 
iquid binder onto a suitable base, such as a grid of copper or 
ronze screen, though copper foil may be used. A suitable 
inder is polystyrene dissolved in an organic solvent such as 
toluol. Aqueous salt solutions also may be used as binders. 

The battery of assembled cells is taped together under 
ressure. Uniform pressure and separator spacing throughout 
the assembled battery is essential for efficient operation. 
Because cuprous chloride is hygroscopic, assembled cells and 
hatteries must be stored in dry sealed containers until ac- 
tivated to prevent the formation of cupric chloride. Absorbed 
moisture lowers the discharge voltage markedly and decreases 
the output. 

During discharge the following reaction occurs: 


CuCh + Mg + CH,O — 2Cu + MgCl.-CH,0. 


The performance of a representative cuprous chloride- 
agnesium, water-activated battery is shown in Fig. 1. A 
short voltage build-up time of 1 to 10 minutes is required 
iter activation but this does not result in appreciable self- 
lischarge. However, the cell should be used immediately after 
this voltage build up. The open-circuit voltage varies with 
lest conditions, rising to a maximum of 1.70 to 1.80 at 22°C 
72°F). Because the discharge reaction proceeds rapidly the 
‘ell voltage is maintained at 2 high value until the cell is 


‘The Willard Storage Battery Company, Cleveland, Olio. 


exhausted as shown in Fig. 1. The formation of MgCl.-6H.O 
tends to block the cell because its combined water is obtained 
at the expense of the water added to activate the cell. 
This couple is best suited to discharges at low current den- 
sities, for example, 0.0065 to 0.049 amp/cm? (0.027 to 0.318 
amp/in.*) of anode surface in cells having a volume of 1.64 
to 3.88 cm’ (0.107 to 0.236 in.*). The discharge reaction is 
sufficiently exothermic to cause overheating on high current 
drains. This characteristic can be utilized to advantage in 
cells which must be operated in extremely low temperatures, 


(3800. (0.087 AMP) DICH. 
| 
” 
SCELL “Ag UNIT 
28.8. (0.226 AMP) DISCH. 6.1V.0.P. 
| | | 
5.0 | 
1CELL 
PARALLEL) 
0 10 50 100 150 200 250 
MINUTES 


Fic. 1. Output characteristics of a representative cuprous 
chloride-magnesium battery pack comprising a 78 cell “B” 
unit discharged on 3800 ohm, a 5 cell ‘‘A’’ unit discharged on 
28.8 ohm and an additional load on one ‘‘A’”’ cell (bottom 
curve). 


Curve Amp Amp cm? | Volts 
Top 0.027 240 0.010 1.34 2.39 | 3.19 
Middle 3.93 | 5.13 


0.226 255 0.016 1.31 


for example, at —50°C (—58°F) after activating at room 


temperature. Under these conditions the discharge character- 
istics are similar to those obtained at room temperatures 
(Fig. 1). The discharge efficiency is relatively low, probably 
of the order of 50 per cent. 
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Cuprous chloride-magnesium batteries are characterized 
by good current and power-output, almost constant potential, 
long shelf life, and are capable of being discharged in tempera- 
tures as low as —50°C after being activated at room tempera- 
ture. They have a considerable cost advantage over the silver 
chloride-magnesium cells which have similar characteristics. 


193 


However, the cuprous chloride cell is slightly eave, , 

unit of output. 7 
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The Lead Dioxide-Cadmium Reserve-Type Cell 
L. E. Pucher' 


Although cadmium has long been recognized (1, 2) as a 
potential anode material, the limited storageability of the 
cadmium-lead peroxide cell prevented the general commercial- 
ization of this system. However, the demand for special pur- 
pose battery units, where storageability was of minor im- 
portance, provided the impetus for the development of this 
battery (3). 


T 


Closed circuit voltage 


0.437 0.325 0.217 0.109 0.054 
CURRENT DENSITY 
| | AMP CM? 


0.5 1.0 2.0 


Amp min/em* 
Fic. 1. Discharge characteristics of the cadmium-lead per- 
oxide primary cell. 
Current drain in amperes 


Amp per cell Amp/cm# anode | anode 
5 0.054 0.13 0.837 
10 0.10 0.26 1.675 
20 0.217 0.52 3.350 
30 0.325 0.78 5.020 
40 0.437 1.04 6.705 


The reaction, similar to that of the Pb-PbO, couple in the 
lead-acid storage battery, follows: 


The positive plates are of the lead-acid type, pasted in the 
usual lead-antimony grid and formed in the conventional 
manner against lead cathodes. Special effort is made to achieve 
a highly peroxidized PbO, to ensure maximum capacity. 
While the positive grids formed in this manner are preferred, 
some work has been done with lead-plated copper screen as 
the positive grid. The results compare favorably with those 
obtained with the conventional type. Using copper-screen 
grids, considerable reduction in battery weight can be realized, 


! The Willard Storage Battery Company, Cleveland, Ohio. 


but it is essential that the lead plating on the grids be sy 
ciently thick and nonporous to withstand mechanical }y, 
sion during pasting and to resist penetration by the elect, 
lyte. 

Negative plates consist mainly of lead-plated copper-seree 
grids pasted with CdO-water mixes and electroformed ; 
sponge cadmium. Electro-deposited and sheet cadmium hay 
also been tried as negatives. For 26.7°C (80°F) operation y 
relatively low discharge rates, corrugated and_ perforate) 
cadmium sheet can be used, but for high-rate discharges a 
lower-temperature operation, the sheet cadmium is unsati 
factory. Cadmium-sponge negatives are more promising. 


20 


Watt min/em® 


0.2 0.3 0.4 0.5 
Amp/cm?* 
Fia, 2 


TABLE IL. Effect of cell temperature on capacity 
of cadmium-lead peroxide cells 


amp min/g of wet cell weight 


Discharge rates 
Temperature 
| Samp | 10 amp! 15 amp! 20 amp | 30 amp 40 am 


26.7°C (80°F) 0.91 | 0.81 | 0.68 | 0.68 | 0.62. 0.5! 
4.4°C (40°F) 0.83 | 0.75 | 0.59 | 

—17.8°C (0°F) 0.79 0.64 0.49 | 

—28.9°C (—20°F) 0.47 0.45 0.39 


Various special papers such as Aldex* and Viskon’, a0 
fibrous materials such as Fibrite*, Webril’, and microporous 


rubber sheet have been used as separators between the plate 


An aqueous sulfuric acid solution with a specific gravity 0! 


1.300 (39.5% H.SO.) is used as electrolyte. 


The battery used for the plotted data in Fig. 1 and 2 hi 


the following specifications: 


Outside dimensions—3.25 x 4.68 x 6.03 em (ly x 14) x” 


in.). 


2? Manufactured by Aldine Paper Products Company. 
* Manufactured by The Visking Corporation. 

*‘ Manufactured by Willard Storage Battery Company. 
5 Manufactured by Kendall Mills. 
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d nensions—2.78 x 4.22 x 5.57 em x 144 x 2% 
bes 3.82 em? (14 in.*), 0.1016 em (0.040 in.) thick for 
the po-itive and 0.0762 em (0.030 in.) thick for the nega- 
tive. The battery consisted of seven pasted lead-antimony 
grid positives and eight plated copper-screen negatives 
covered with sponge cadmium. Open-circuit voltage is ap- 
proximis ately 2.4. 

The batteries were discharged at the constant current 
jensity shown in Fig. 1. The performance characteristics 
ye shown in Fig. 1 and 2. 

Table I shows the capacity of a representative cadmium- 
ead peroxide cell at various discharge rates and at tempera- 
tures of —28.9°C (—20°F) to +26.7°C (80°F). Lower dis- 
charge voltages and lower capacities result when batteries 
we dry-stored for extended periods. 

The sponge-cadmium cells have a slightly higher discharge 


The lead peroxide-zinec couple has been recognized for 
years a8 possessing several features which make it attractive 
for primary battery use, mainly low cost and high voltage. 
Although this couple had been investigated from time to time 
since 1843 (1), no practical use was made of it because of its 
erratic behavior due to negative polarization effects, high 
gas evolution, and poor shelf life. From 1941 to 1949, The 
Electric Storage Battery Company carried on an intensive 
research and development program to perfect this couple as a 
reserve-type battery for military use. The objectives set forth 
luring this period were met and over 200 full-size experimental 
batteries having outputs as high as 90 kilowatts were delivered 
ior test. The information presented in this article is based on 
this work which includes tests on well over 3000 individual 
cells. 

Because of the reactiveness of zine in sulfuric acid, accom- 
panied by the evolution of hydrogen gas, it is necessary to 
store this cell in a dry condition and to introduce the electro- 
lyte when the cell is put into use. This may be accomplished 
by means of a self-contained chamber electrically or mechani- 
cally operated, or the electrolyte may be introduced from an 
external source. 

The negative plate consists of a thin, rolled sheet of chemi- 
cally pure zinc alloyed with mercury. This purity is necessary 
to prevent excessive gas evolution during operation. The sur- 
face is prepared by degreasing, followed by etching in hydro- 
chloric acid. Performance of the negative plate is greatly 
dependent upon the alloying and surface preparation processes 


used. 


The positive plate consists of a lead-alloy grid filled with 
lead peroxide and is very similar in construction and composi- 
tion to the positive plates used in lead-acid storage batteries. 
Composition of the lead alloy used in the grid greatly deter- 
mines the shelf life of the unactivated cell, while the method 
of preparing the lead peroxide influences the initial capacity 
of the cell. Advances in recent years in the preparation of 


‘The Electric Storage Battery Company, Philadelphia 
Pennsylvania. 
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voltage and a slightly greater capacity than the lead-lead 
peroxide cells at higher discharge rates and at lower tempera- 
tures. They also are lighter in weight. 


This system has been adapted to special military-purpose 


units where high drain and light weight are important factors. 
These units must be used promptly after activation since 
sponge cadmium plates react vigorously with the sulfuric 
acid electrolyte, with liberation of hydrogen. Open-circuit 
stands of more than one hour after activation are not recom- 


mended. The vigorous gassing also presents a serious problem 
in the design of nonspill or sealed units. 
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storage-battery plates have been used to advantage in pre- 
paring positive plates for this couple. 
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Fig. 1. Discharge characteristics for PbO2-Zn reserve-type 
cell. AT type in solid lines, ATL type in broken lines. In AT 
type to convert amp/cm* to amp/cm? multiply by 0.319 (to 
amp/in.? multiply by 2.06). In ATL type to convert amp/cm! 
to amp/cm? multiply by 0.218 (to amp/in.? multiply by 1.41). 

Curves left to right—discharges at 


0.75 amp/em* = 12.3. amp/in.* 
0.50 amp/em* = 8.2 amp/in.* 
0.25 amp/em* = 4.1 amp/in.* 
0.10 an. p/em* = 1.64 amp/in.* 


0.03 amp/em* = 0.49 amp/in.* 
broken lines 

0.70 amp/em* = 11.5 amp/in.* 

0.40 amp/em* = 6.55 amp/in.* 


Although numerous types of separators may be used, all 
must have a low resistance and must provide a free path for 
the escape of gas from the negative plate. Woven plastic 
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screen and porous paper have been used to advantage. The 
internal cell construction determines the type to be used. 
The electrolyte is chemically pure sulfuric acid ranging in 
concentration up to 50 per cent. Concentrations below 35 
per cent are rarely used. The concentration selected depends 
on the end use of the cell. Higher concentrations produce 
high positive plate efficiencies but increase negative plate 


16 
14 
10 T 4 a 
~ 20%V.0. 
6} v.04 2 
=~ 
AT TYPE 2V.0. 
2 
Amp/cm? 


Fic. 2. Output per unit volume in solid lines, and per unit 
weight in broken lines to end points of 5%, 10%, and 20% 
below initial closed-circuit voltage for PbO.-Zn reserve-type 
battery. (——, watt min/em'; - - - -, watt min/g; V.D., voltage 
drop.) 


polarization, while the reverse is true with the lower concen- 
trations. For maximum output, a balance between the two 
must be obtained. 
During discharge the following reactions take place at the 
electrodes: 
Zn — Zn** + 2e 
Pb++++ — — 2e. 
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If the reaction products are allowed to accumulat: anq }j,, 
off unreacted portions of the electrodes, polarizat on oo), 
At the negative electrode the reaction product is - \luble 
is removed by natural circulation of the electrol:te dye 
temperature differentials and evolved gas. Since tlie cathp, 
reaction product is insoluble, the positive plate 
such porosity that the reaction product does not block « 
the unreacted portion. : 

This couple is extremely sensitive to temperature. For 
given set of cell conditions such as discharge current depgit 
electrolyte concentration, etc., there is a minimum operatigg 
temperature. If the cell is operated below this minimum te, 
perature, the cell output is only a small fraction of that 9}. 
tained at the proper temperature. This falling off of outyy 
with temperature is due to polarization effects at the neg, 
tive electrode. The minimum operating temperature is ge, 
erally quite high, for example, the ATL type shown in fix 
1 and 2 has a minimum operating temperature of 32% 
(90°F) at the rates shown. At these same rates the AT ty» 
can be operated at 27°C (80°F). 

The accompanying curves indicate the capacity output ¢ 
two types of this cell, differing both in internal constructic 
and concentration of electrolyte. The AT type uses 37 pe 
cent sulfuric acid while the ATL type uses 50 per cent sulfu; 
acid and has very high output but is suitable for use over on 
a narrow range of current densities due to polarization effer 
at the negative electrode. 

The following advantages can be realized from this couph 
(a) high voltage, (b) capable of operating at moderately hig 
current densities, (c) good shelf life in dry condition, an 
(d) low cost. 

The following disadvantages are inherent in the operatic: 
of this couple: (a) high gas evolution and (6) poor low ten 
perature characteristics. 
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The Chlorine-Zinc Primary Cell 
Paul L. Howard' 


Many attempts have been made to utilize the halogens as 
depolarizers in primary batteries. Tomassi (1) describes a 
chlorine-depolarized cell as a “Pile De Le Roux” (1853). 
This was composed of a carbon cathode, a zine anode, and a 
solution of hydrochloric acid as the electrolyte. Manganese 
dioxide was used as the reactant to supply the chlorine to 
the cathode. Zenger (2) patented the use of halogens as 
depolarizers for both primary and secondary batteries. In the 
past the main emphasis was placed on the use of halogens in 
secondary batteries (3-7) with no great measure of success. 
The first practical chlorine-depolarized primary cell was de- 
scribed by Heise, Schumacher, and Cahoon (8). 

This chlorine-depolarized cell is a flat unit composed of a 
porous carbon layer for the diffusion of chlorine gas to be 
absorbed by a cathode cake of carbon black moistened with 


! National Bureau of Standards, Washington, D. C. 


a 10 per cent zine chloride solution, a separator consisting 
of a bibulous material impregnated with a methyl-celluloy 
gel (8), and anodes of zinc, aluminum, or magnesium. Thi 
inactive side of the anode is provided with an inert conducting 
coating to make a dry contact with the porous carbon of thi 
next cell in series. 

The chlorine gas is absorbed in the moist carbon blac 
cake to act as the depolarizer. The cathode, anode, and com 
plete cell reactions are, respectively: 


Cl, + 2e — 2Cl- 
Zn — Zn** + 2e 
Ch + Zn — ZnCh. 


Other anodes substituted for zine give the corresponding ¢é! 


reactions. The open-circuit voltage of cells using these anode 
is 2.1 v with zine, 2.4 v with aluminum, and 2.8 v with mag 
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jum. ‘| ie aluminum and magnesium anodes are not con- 
ered i: applications requiring extended inactive shelf life. 


it is «sential that the carbon black cake and separator 
waintain the proper moisture content throughout cell manu- 


F. ture, ssembly into batteries, and inactive shelf life. This 


. accomplished by sealing the finished assembly of cells into 
- ontainer capable of withstanding internal pressures of 
30 psi,’ with a hygroscopic salt present to maintain the 
noisture content in the cells. 

When the battery is being prepared for use, it is evacuated, 
valed, and the liquid chlorine supply attached. At the time 
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Fig. 1. Output per unit volume (A) and per unit weight (B) 
for chlorine-zine cell. 


{ use, the liquid chlorine is admitted to the battery. It va- 
yorizes immediately to give a partial pressure of chlorine gas 
orresponding to the battery temperature. A temperature of 
t least 20°C should be maintained to give 90 psi® of chlorine 
mus. Lower chlorine pressures seriously affect performance 
ind voltage, i.e., a cell discharged at 0.17 amp/cm? gives 1.68 
at 40 psi and 1.83 v at 90 psi® or higher. 

The over-all performance of this battery has been com- 
viled for a discharge condition where the batteries were dis- 


2150 psi = 10.52 kg/em*. 
'90 psi = 6.32 kg/cm?. 
‘40 psi = 2.81 kg/em?. 
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charged at a constant current to a 1.00 v end point at a tem- 
perature of 27°C and a controlled chlorine pressure of 90 psi.* 
Fig. 1 gives the watt minutes per cubic centimeter and per 
gram and Fig. 2 gives the variation im voltage for rates rang- 
ing from 0.15 amp/cem* to 0.61 amp;ecm*. 

This battery is designed for single continuous discharges 
of from 1- to 30-minute duration. The construction is of 
such a nature that the chlorine must be admitted at the time 
of use. At present, there is no commercial production; how- 
ever, experimental batteries have been made (8). 


31.6} EN 
3 


9 
< 
AMP MIN/CM® 


Fic. 2. Discharge characteristics for chlorine-zine cell. 
Curve 1—0.15 amp/em', electrode current density of 0.0388 
amp/em? (0.25 amp/in.*?); curve 2—0.31 amp/cm', electrode 
current density of 0.0776 amp/cm? (0.50 amp/in.*); curve 3— 
0.61 amp/em', electrode current density of 0.1552 amp/cem* 
(1.00 amp/in.?). 
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Thermal Batteries 


Robert B. Goodrich' and Richard C. Evans* 


Thermal batteries are defined as electrochemical power sup- 
plies based upon electrolytes of various inorganic salts which 
remain solid and nonconducting at all storage temperatures. 
The electrolyte melts and becomes conducting when the cells 
ie heated to some elevated temperature; electrical energy 
may then be withdrawn from the system. The features of 
thermal batteries include good weight and volume factors, 
‘helf stability, temperature range, ruggedness, and versatility 
in electrical output as the result of a wide choice of electro- 
chemical systems and designs. 


‘National Bureau of Standards, Washington, D. C. 
*C.talyst Research Corporation, Baltimore, Maryland. 


Fused-salt cells, in the general category of fuel cells, have 
been investigated by Jablochkoff (1), Fabingi and Farkas (2), 
Jaeques (3), Reed (4), Bauer (5), Haber (6), and their asso- 
ciates. Gyuris (7) obtained patents on cells based upon a 
molten-salt electrolyte with manganese dioxide and molten 
sodium. Hamer and Schrodt (8) have studied a cell consisting 
of 


Mg, solid or molten electrolyte, MnO., C. 


The subject has been discussed by Cooper (9), Allmand and 
Ellingham (10), and Vinal (11). Current efforts are leading 
to the development of batteries based upon fused-salt elec- 
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trolytes for applications in the reserve-battery field. Techno- 
logical success has been achieved to the extent that batteries 
can now be made to satisfy certain requirements up to 100 
watt minutes. 

Negative electrodes are normally magnesium or calcium 
although certain alloys of lithium may be used. This electrode 
appears to be the controlling factor in the emf of the cell, 
with calcium giving about one volt more than magnesium. 
Electrolytes are usually composed of alkali or alkaline earth 
chlorides, bromides, and nitrates in various combinations. 
The mode of depolarization, or the chemistry of the positive 
electrode, is not established. In some instances salts such as 
potassium chromate may be incorporated in the electrolyte; 
in others, tungstic oxide, molybdenum trioxide, and similar 
insoluble oxidizing agents may be applied as a coating to the 
metal of the positive electrode. This metal may be silver, 
copper, nickel or iron, and probably others. Processing areas 
require maintenance of low relative humidities, e.g., 5 to 10 
per cent, due to the hygroscopicity of the electrolytes and to 
the reactivity of the negative electrodes with water. When 
these cells pick up moisture they are characterized by a cold 
voltage, i.e., a water potential; this voltage is not sustained 
under load and the condition leads to rapid deterioration of 
the cells. An integral heat source may be based upon a variety 
of exothermic chemical reactions using gaseous, liquid, or 
solid fuels while the external sources may use these fuels 
directly or the heat from any available supply. The source 
must supply sufficient heat to raise the cell temperature above 
the melting point of the electrolyte which may be from as 
low as 150°C (302°F) to higher than 600°C (1112°F). 

Thermal cells for reserve power supply applications show 
no unique discharge characteristics. Open-circuit voltages 
may be as high as 3.0 volts per cell with the working voltage 
being lowered as a function of the discharge rate. At a current 
density of 1.6 amp/dm? (0.1 amp/in.”) this drop will approxi- 
mate 10 per cent, increasing to about 20 per cent at a current 
density of 7.8 amp/dm? (0.5 amp/in.*). These figures are only 
indicative of the general performance and vary as a function 
of design, manner of heating, etc. Over the operating tempera- 
ture range of a given system, the effect of temperature on 
the voltage performance is a minor factor. 

A summary description of a single cell will indicate the 
general type of construction and the form of the various com- 
ponents. Many other designs will suggest themselves. This 
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particular cell has the following characteristics 3d Prope 
ties: | 


Open-circuit voltage 2.8 

Working voltage 18 + 10% 
Load 0.18 ohm 

Life 5 min at 400°C 


Size (excluding a heat source) 
Weight (excluding a heat 
source) 


5.10 em diam x 0.90 em hig 
38 grams 


Cell components and assembly: 

(1) Sheet calcium negatives with spot-welded nickel Jey, 

(2) Nickel screen positives coated with a fused layer of y 
per cent tungstic oxide with 20 per cent lead chy, 
mate. 

(3) Glass cloth electrolyte carriers (and/or separators) in 
pregnated with molten salt composed of 55 per cey; 
potassium chloride and 45 per cent lithium chlorid 

These parts, on the order of 5.0 cm in diameter by 0.025 
0.05 em thick are assembled in parallel using a layer-buij 
design in a nickel can. The battery consists of 5 positive an 
6 negative plates, with the depolarizer-coated, inner can sur 
face supplying two additional positive plates. When dis 
charged at the current density of 0.54 amp/em’ (4/ 
amp/dm?), the energy amounts to 4.89 watt min/cm’ or 2.7 
watt min/g. 
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Technical Review 


The Potential and Coulombic Capacity of 
Some Galvanic Cell Systems 


Allan Walkley' 


ABSTRACT 


The potentials of metal oxide cathodes vary with electrolyte pH and with the structure of 
the oxide. The potentials developed by the lead accumulator and by alkaline cells with cath- 
odes of the oxides of copper, mercury, or silver agree with those calculated from thermal data. 
Those developed by the Leclanché cell and the alkaline accumulator do not, the reasons being 
sought in the complex behavior of the ill-defined hydrous oxides of manganese and of nickel. 
The specific coulombie capacity of oxide electrodes depends upon the molecular weight or 
molecular volume of the oxide and the number of its reduction states. During discharge these 
states may be traversed either consecutively or simultaneously with corresponding differ- 
ences in cell behavior. Theoretical expectations are considerably modified by polarization, 
so that in practice capacity is usually a function of the current drain. 


Introduction ever, it is less suitable for the negative element: of a secondary 


The number of reactions which can be harnessed in a gal- cell since it is not readily deposited in its original structural 
vanic cell is in theory very large, yet in practice only a few form during the charging cycle. , 
have proved workable as sources of power. In consequence, Attempts have been made to e Pap 8 galvanic 
, dearth of a small number of strategic materials (1) might anode, apparently with considerable success (16, 17, 18, 19). 


well cause drastic changes in our economy. The attempt has Its high reversible potential of 2.36 v is never achieved, so that, 
been made, therefore, to review the different electrochemical in practice, anode potentials only 0.3 to 0.8 v higher than those 
systems and to relate the potentials and capacities observed for zine in the same electrolyte oes 3 found. 

vith known properties of the active constituents. Emphasis Although both gaseous (20, 17) and liquid depolarizers (16) 
has been placed on the Leclanché dry cell throughout, partly are still used, most interest attaches to those cathodes which 
ecause it is the most widely used primary cell of today and consist of solid oxides. The reactions which these undergo on 
ecause it is being studied in these laboratories (2, 3) ‘along reduction are often far from simple but they are of the general 
rith investigations on the structure and properties of the type shown in Table It. 

manganese oxides (4, 5) and graphite (6, 7). For the alkaline cells with cathodes of copper, mercury or 


silver oxides, and anodes of zinc, the observed potentials are 
within 50 mv of those calculated from thermodynamic data, 
assuming the reactions to be of the form, 


The Cell Potential and the Choice of Materials 
for Electrodes and Electrolytes 


Electrodes. —The tables of standard or oxidation potentials, 


Zn + MO = ZnO* + M (1) 
{which Latimer’s (8) is the most complete, indicate the wide or Zn + M.O = ZnO + 2M. (ID) 

variety of possible electrode materials. Because of their 

mechanical properties and strong tendency to ionize, metals Similarly the correctness of the reaction proposed by Glad- 

we usually preferred as anodes; yet of these there are few stone and Tribe (38) for the lead accumulator was supported 
ithout some obviously undesirable property. The alkali by the close agreement found by Vinal and Craig (39) for the 
uetals and others of high negative potential reduce the water calorimetric and electrometric determinations of its heat con- 
{ aqueous electrolytes, but cells with such anodes in liquid tent change. 

sulfur dioxide or liquid ammonia electrolytes have been re- For the air-depolarized cell, the alkaline accumulator, and 
orted (9). Others like iron may become electrochemically the Leclanché cell, such confirmation is lacking. The emf of 

passive at high discharge rates. Manganese, although brittle the air-depolarized cell is some 250 mv lower than would be 

ind film-forming, can now be obtained in a high state of purity expected from reaction 4 of Table II. This might be ac- 

by electrodeposition and may warrant re-examination. counted for if the oxygen is reduced only as far as peroxide, 
The tendency to form protective films is most prevalent in thus: 

the metals of the “‘a” series of the periodic classification, while m 

those of the “b” series generally form relatively unstable 0: + HO + 2e = OH” + HO;, (it) 


lms (14, 15). It is from the latter group, particularly those 
vith low melting points and high hydrogen overvoltages such 
8 zinc, cadmium, mercury, tin, and lead, that the common 
inode metals have been chosen. Of these, zinc is used most 
‘idely in primary cell systems. It has a standard potential of 


a reaction which Berl (40) has shown to be reversible at cer- 
tain carbon electrodes, and which, although still in dispute 
for cells containing acid electrolytes (41), is generally accepted 
as operative in the conventional alkaline cell (20). 


i intermediate value, a very high hydrogen overpotential, * The replating of zine has proved quite feasible in alkaline 
ind it dissolves readily anodically over a considerable pH cells, provided an excess of dissolved zine is maintained in the 
range, forming either simple metal ions or zincate ions. How- oe as in the André, Drumm (21, 22), and similar units 

‘Minerals Utilization Section, Division of Industrial Chem- * It makes little difference whether the product is the oxide 
‘try, Commonwealth Scientific and Industrial Research Organ- or hydroxide, since the free energy of hydration is here only 1 


ration, Melbourne, Australia. or 2 keal; the same applies to the formation of zincate. 
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The reasons for lack of agreement in the Leclanché system 
are complex. There is no one emf which can be said to be 
characteristic; it varies with the nature and proportions of 
manganese dioxide, carbon, and electrolyte salts. In the fresh 
cell the pH value is often below that necessary for the precipi- 
tation of the hydroxide or some other insoluble zinc compound, 
and hence the potential in this region varies with the ratio of 


TABLE IL. Standard potentials and atomic volumes of some 
metals of interest in cell design 


Potential Atomic volume 
ion 
Potassium. —2.92 45.3 
Magnesium* —2.36 14.0 
Aluminum. . —1.67 10.2 
Manganese* —1.19 7.4 
Zine... —0.7 9.2 
[ron —0.44 7.1 
Cadmium —0.40 13.0 
Tin —0.14 16.3 
Lead —0.13 18.2 
Copper +0.34 7.1 


* The values of Mg and Mn have been calculated from recent 
thermal data (10-12). The remainder have been taken from 
Latimer’s (8) compilation of selected values. For a recently 
revised list of the standard potentials of the elements see 
Bockris and Herringshaw (13). 
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TABLE II. Half reactions and oxidation-reduction potentials of various galvanic cathodes 


E% volts | 
Half reaction or couple pe 
25°C 
Alkaline solution 1 Cu.0 + HO + 2e = 2Cu + 20H- —0.36 | Lalande (24, 25) 

2 HgO + H.O + 2e = Hg + 20H- +0.10 Ruben-Mallory (26, 27) Vido 
‘Kalium’”’ 

3 MnO, + H.O + e = MnOOH + OH- +0.17* | Leclanché (28) 

4 O. + 2H.O + 4e 40H +0.40 Air cell (20) 

5 NiO, + 2H,O + 2e = Ni(OH), + 20H- +0.49 | Edison (29) Jungner (30) (alk 
line accumulator) 

6 Ag.O. + H.O + 2e = Ag.O + 20H- +0.57 | Silver oxide cell (23) 


A gust 19%) 


even when the electrolyte pH is high enough to ca ren ,, 
of zine ions from solution the cell emf can still vai » with th 
nature of the solid reactant and product. Expe: ment },, 
shown (42-45, 37) that any one sample of MnO, i: solution 
whose pH is high enough to prevent the formatio,, of Mie 
gives potentials conforming more or less to the theoreti« 
relation 
E = E° — 0.06 pH. 


Oxides differ chiefly in their Z° values, those for +-Mn0, bejy 
about 150 mv higher than those for pyrolusites. Measur. 
ments conducted in acid solution to avoid the added con 
cation of a solid reaction product have shown (36) that tly 
E® values of reaction 7, Table II, depend on both the stny 
tural type of oxide and the value of n in the formula Mp0 
Differences of 50-100 mv were found to occur, the »-oxida 
again having the highest potentials. The higher voltages | 
served in cells containing y-MnO, as compared with thos 
containing pyrolusite are due partly to the higher energy ¢0, 
tent of the y-oxide and partly to a lower pH value in tly 
bobbin. It has been suggested that high potentials are due 
oxygen which, it is assumed, exerts its full reversible potenti; 
when sorbed on-MnO, (46-48). More experimental evidence 
is required, however, before the role of oxygen can be assesse: 

The cell reaction is not known with certainty, both ma: 
ganite (y-MnOOH) and hetaerolite (ZnMn.O,) having bee 
observed in discharge products (49, 45). Thermodynamic da! 
are not available for these two compounds but an approximat; 


E A 


Acid solution 7 MnO, + 4H* + 2e = Mn** + 2H.O | +1.23* | Leclanché, with acid electr 
|  lyte (31, 32) 
8 PbO, + 4H* + 2e == Pb?+ + 2H,0 +1.46 | Planté (33, 32) (lead accumu 


lator); lead-perchloric ci 
primary cell (34, 35) 


Potential independent 9 AgCl + e = Agt + Cl 
of pH value 10 Cl, + 2e = 2Cl- 


the activities of hydrogen and zine ions, as would be expected 
for a reaction of the type: 


2MnO, + Zn + 2H* = Zn** + 2MnOOH. (IV) 


This ratio depends on the initial electrolyte composition (42) 
and also on pH changes resulting from interactions between 
the electrolyte, the manganese dioxide, and the carbon. High 
emf (1.7—1.8 v) is commonly found to be associated with a 
low pH value in the bobbin, due to the use of oxides contain- 
ing appreciable quantities of exchangeable hydrogen ion; but 


* Calculated from thermal data (36, 37). Remaining values from Latimer (8). 


| +0.22 | Silver chloride cell (19) 
| +1.36 Chlorine cell (17) 


value for the potential in neutral electrolytes can be calculate! 
using recent calorimetric data for bixbyite (a-Mn2Qs) (50, 5! 
and pyrolusite (8-MnO-) (52, 53). The free energy change ! 
the reaction 


Zn + 2MnO, ZnO + MnO; (\ 
is given by 
AG = + — — Gan 


= —76.5 — 213.1 + 223.1 — 0 
= —66.5 keal; or 1.44 v. 


js th 


i) 
al 
{lie 
hey 
r to 
, pite 
he f 
The 
the 
Band 
ver 
4 
na 
lin 
* 
J 
tre 
in 
wt 
of 
m 
sh 
| 


Just 1959 


remoyy 
With th 
MeN 
SOlutions 
Of My 


NO» being 


Measyy 
| com) 


that tl 


he stry 
la Mni 


Y-OXicles 


tages 


ith those 


cor 


ie in th 


re due 
potentig 


evidence 


th mar 
ing bee 
mic dat 


ing 


) Vidor 


1) (alk 


electri 


ecumu 
c acl 


culated 
50, 5 


unge il 


99, \0.8 


9 greai error is likely to be introduced by the assumption 
¢an a) ydrous product as the free energy of hydration of 
ther h. drous oxides has been shown to be small provided 
hey are in a Strain-free state. Energy variations due to strain 
' to those lattice imperfections characteristic of freshly pre- 
pipitate:! substances may, of course, oceur in the product 
ymed. A rough approximation to the contribution made by 

the formation of hetaerolite may be obtained by assuming 

the free energy change in the reaction 


ZnO Mn.O; ZnMn.O, (VI) 
; the same as that in 


MnO + — Mn,;O, (VII) 


vil., AG@ = —306.2 + 86.8 + 213.1 
= —6.3 keal; or 0.14 v. 


The smallness of this figure may be compared with that for 
the reaction 


Fe) + — FesO,; AG = —5.4 keal (54) (VIID) 


ind is only to be expected since such oxides have a very 
similar arrangement of close packed oxygen atoms, and con- 
ersion from one to the other merely involves the disposition 
{ the smaller metal ions. Moreover, hetaerolite and haus- 
nannite (Mn;0,) are isostructural with closely agreeing cell 
limensions. Most of the dry cells made in these laboratories 
from pyrolusites in neutral or weakly acid electrolytes have 
iad emf’s within the above range of 1.44-1.58 v. 

The variation with pH of the potential of the NiO, elec- 
trode, where 1 < n < 2, which was studied by Haissinsky 
ind Quesney (55), was found to be similar to that in the 
\InO» elegtrode, being represented by a series of parallel lines 
whose distance apart depended on the mode of preparation 
of the oxide. 

These authors do not give the values of n, but from the 
manner in which the oxides were prepared the one which 
showed the highest potential would be expected to have the 
highest n value. It has been realized for many years that the 
positive oxide of the alkaline accumulator is neither NiO; 
nor NiOe; some have suggested a solid solution of the two; 
others an oxide NigOy. Little seems to be known about the 
structure of the higher oxides. The monoxide has the rock-salt 
structure and preparations with n values below 1.005 are un- 
stable. However, oxygen can be taken into this lattice without 
any further change in magnetic susceptibility or x-ray diffrae- 
tion pattern (56); thus several experimenters have reported 
that even the pattern of oxides of composition NixO; show 
only the lines of NiO. Moreover there appear to be no pub- 
lished data for the structure of oxides approximating the 
formula NiO». In these respects nickel differs markedly from 
the other commonly occurring transition elements and from 
lead. Fricke and Hiittig (57) review the literature on the 
corresponding hydrous oxides but come to no definite conclu- 
sions as to their structure. It is, of course, possible that a 
hydrous oxide consisting largely of tetravalent nickel ions 
exists but is amorphous to x-rays.’ If so, the lack of stoichi- 
ometry of such oxides as NiO, may be attributed to the 
partia! substitution of M?+ for M‘** and of OH for O*-, as in 
some other oxide systems (59, 36). Others have suggested the 
extra oxygen may be in solution or existing as a peroxide, 02-. 

The recent production of an iron oxide with a valence of 4 


*The recent work by Glemser and Einerhand (58) confirms 
the ev istenee of an amorphous oxide of tetravalent nickel. 
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provides another interesting example of higher oxide struc- 
ture. The standard potential of the couple 


FeOOH + H,O + e = Fe(OH), + OH- (IX) 


is —0.6 v, so that a cell using a zine anode and a hydrous 
ferric oxide cathode would only give a voltage of approxi- 
mately 1.2 — 0.6 = 0.6 v. However, Selwood and his col- 
leagues (60) have shown that by the gentle ignition of rutile 
(TiO.) impregnated with ferric nitrate, a “supported” oxide 
is formed capable of 2 stages of reduction. Cathodes of such 
material were prepared and discharged and it would be inter- 
esting to know what potential was attained. From the prac- 
tical point of view the capacity would be low, for the oxide 
only contained 8.4 per cent of total iron of which 40 per cent 
was in the +4 state. 

The establishment of the over-all cell reaction, important 
as it is, still tells nothing of the individual electrode mecha- 
nisms. Although more properly the province of cell kinetics, 
the work of Feitknecht and Grossenbacher (61) on the proc- 
esses in the positive plate of the lead accumulator is relevant 
here. As a result of electron micrographic examination they 
suggest the piecemeal replacement of solid PbSO, by solid 
PbO,. It seems clear that some such highly localized topo- 
chemical reaction is necessary in producing the structurally 
reversible electrodes of secondary cells. Similarly in the solid- 
solid discharge reaction of the Leclanché cathode it would be 
interesting to know if hetaerolite or manganite are produced 
as pseudomorphs. The reverse oxidation of manganite by out- 
ward diffusion of a hydrogen ion is considered to account for 
the occurrence in nature of pyrolusite as a pseudomorph after 
manganite (62). 

Electrolytes.—In most cells the electrolyte functions pri- 
marily as a conducting medium, but in a few instances it 
takes part in the over-all cell reaction and so contributes to 
the cell potential. Thus the reaction of the lead accumulator 
is written as 


PbO, + Pb + 2HSO, = 2PbSO, + 2H.O (X) 


so that the emf will vary with the acid concentration. On the 
other hand, the reaction for the alkaline accumulator may be 
expressed in its simplest form as 


NiO, + 2H,O + Cd = Cd(OH), + Ni(OH). (XI) 


and it is found in practice that its emf is almost independent 
of the concentration of the caustic potash electrolyte used, 
the small changes observed being probably due to variations 
in the degree of hydration and composition of the hydrous 
oxides, and in the activity of water. The hydrogen ion con- 
centration of the electrolyte of a number of galvanic cells can 
be varied without much change in the over-all emf although 
the individual electrode potentials change considerably. A 
decrease in the cathode potential with rise in pH in Zn-MnO, 
cells should theoretically be exactly compensated by a rise 
in anode potential if some Zn(OH), is present to keep the 
activity product a3*-aoq- constant. Moreover, the position 
is much the same if the zincate equilibrium constant is con- 
sidered. Since at a working electrode the reaction rate is a 
function of the potential it may be possible by pH adjustment 
to speed up the slower of the two electrode processes to some 
extent. However, the choice of pH value, and of electrolyte 
composition generally, is more likely to be determined by 
other considerations, such as the effect of electrolyte composi- 
tion on the solubility or reactivity of the electrode materials 
on open circuit, or the effect on anode passivation. Thus nickel 
dioxide will oxidize water at low pH values, and hence stability 


| 
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of the positive electrode in cells of the Edison or Jungner type 
can only be achieved in alkaline solution. On the other hand 
the potential of the lead dioxide-plumbous ion couple is only 
230 mv greater than that of the water-oxygen couple in acid 
solution, so the tendency for the electrolyte to be oxidized is 
small, even without allowing for the retarding effect of oxygen 
overvoltage. Thus the strong acids, sulfuric or perchloric, can 
be used in conjunction with lead dioxide. In strong alkali it 
is appreciably soluble. 


The Coulombic Capacity 
Ranking equal in importance with the intensive factor, 
potential, is the extensive factor, capacity. 
It is clear from Faraday’s law that the number of coulombs 


(C) of current produced by the anodic solution of 1 ce of a 
metal is given by 


2F¢ 
A 


C= 


where p is the specific gravity of the metal, A its atomic 
weight, and z the valence change. Values of the atomic vol- 
umes, A /p of various metals are given in Table I where it will 
be seen that zinc has a favorable low value. The extreme values 
of zp/A for the metals of Table I are 0.3 for aluminum and 
0.02 for potassium. 


TABLE ILI. Coulombic capacity factors of some metal oxides. 
|The specific gravities are from the compilation by Biltz (63)) 


| Mol Specifi lecul 

Oxide day's per lar wt gravity | vo | 
- 4 248 7.5 33.2 0.12 
HgO, He 2 38.9 19.3 0.10 
PbO., PbSO, 2 239 | 24.8 0.08 
MnO,., MnOOH 1 87 §.1 17.0 0.06 


In some primary cells the cathode is necessarily more 
bulky than the anode, so that the packing of as much cathode 
material as possible into a given space is an important factor 
in performance. Neglecting pore space, the specific coulombic 
capacity of a cathode is directly proportional to the number 
of Faradays per mole involved in the reduction, and inversely 
to the molecular volume of the oxide. The relative importance 
of these factors is seen from Table III. 

When an oxide is capable of more than one stage of reduc- 
tion, it may go to the lowest stage directly or in steps. Thus, 
omitting all limitations imposed by the possibility of differ- 
ing reaction speeds, it is clear that an oxide MO will be re- 
duced directly to the metal as shown in reaction (XTV), only 
if exceeds i.e., if 


Guo > 


2MO + H.O + 2e=M.0 + 20H- : (XID 
M.O + H,O + 2e = 2M +20H- =: aG (XIID 
2MO + 2H.0O + 4e = 2M +40H- : AG. (XIV) 


Free energy values derived from thermal measurements 
show Ghigo > Ghgo, but Gous0 < Guo, from which one 
might expect mercuric oxide to be reduced electrochemically 
directly to the metal whereas cupric oxide should first form 
cuprous oxide. The Ruben-Mallory cell using a mercuric oxide 
cathode has a flat discharge curve with no breaks in it, in 
accordance with theory; while the Lalande type gives a lower 


emf after the higher copper oxide has been redu:ed to the 
lower (64). However, since such cathodes consist 0: a mixtyp 
of metallic copper and the higher oxide, their pot: ntials 
difficult to interpret, for the system is unstable and the rege. 
tion 


_CuO + Cu — Cu,0 (xy 


proceeds spontaneously at a rate depending on maiiy facto, 
including the reactivity of cupric oxide (24). The anodic oy, 
dation of silver to silver peroxide also occurs in two wel 
marked stages, although in the corresponding reduction in th, 
silver peroxide primary cell the two stages are less apparey 
(23, 65). As in the copper oxide cell, the higher oxide jg ¢p. 
posited on the metal itself and once again the system jis yy 


stable. 

The possible stages in the reduction of manganese dioxid: HE” 

can be represented by the idealized equations given beloy He? 

the free energy changes being calculated from the therm: Miele 

data referred to previously. sur 

AG%": per 

6MnO, 4- 3H,O + 6e 

= 3Mn0; + 6OH- : -42 (Xvi 

3Mn,O; + HO + 2e 

—2Mn,0,+20H- : 442-018 

+ 2H-O + 4e 
=6Mn0O +40H- : 49.1 -—0.39 (XVIII 


6MnO, + 6H,O0 + 12e 
= 6MnO + 120H- : —O.14. (XIX 


Provided some kinetic factor, e.g., rate of diffusion or con 
ductivity of the solid, is not limiting, the cathode potentia 
for any given pH value might be expected to remain stead 
and then to-fall after the loss of 25 per cent and 33 per cent 
of the oxygen. Such abrupt changes are not appangnt, how 
ever, since the cell voltage begins to fall immediately )y 
polarization and may sink low enough to end the useful ‘if 
before the first stage of reduction is complete. By prolonge 
discharge or by reduction of the amount of manganese dioxid 
in proportion to the other cell constituents the additions 
stages of reduction can be achieved. Thus the Leclanché dr 
cell fails to operate many electrical appliances long before its 
constituents have been consumed, so that the figures giver 
in Table III show it in too favorable a light. The Ruber 
Mallory cell with its small degree of polarization utilizes about 
90 per cent of its reactants under normal working conditions 
and has a specific capacity 5 to 10 times that of a Leelanché 
It is also stated (29, 33) that in the usual form of the Edisor 
and lead accumulators only about 20 per cent of the activ 
ingredients suffer change during the normal charging and dis 
charging cycle. The perchloric acid cell, on the other hand 
differs from all others so far described in that both anod 
(Pb) and cathode (PbO.) are soluble. This results in a specifi 
capacity about double that of the normal lead accumulator 
(19). 

The relationship between the capacity of a Leclanché ce! 
and the current density has been derived empirically ! 
Zimmerman (66), while Coleman (67) has made a detaile’ 
theoretical study of the same relation. Over a restricted rang’ 
of current density, J, the equation C = K I* holds, where’ 
and K are empirical constants, and C is the capacity. A simila! 
relation for the lead accumulator was found by Peukert (6 
many years ago. As Beck and Wynne-Jones (69) have show! 
for the zine-lead dioxide cell the relation for different prepar 
tions of lead dioxide is not the same and probably depents 
on the surface area of the oxide. On the other hand, the alka 
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ye accul.iulator described by Fay and Drumm (21, 22) is 
Jaimed t» have a capacity almost independent of the current 


ro) -iectrodes often consist of porous solids produced by 
jectrolysis or by the compression of powders, it may be the 
ypparent rather than the true density which is of significance 
‘ influencing specific capacity. The effect of apparent density 
bend of packing is well shown in the Leclanché system, for 
manganese dioxide and carbon can occur with a wide range 

‘curface area, and hence of apparent density, depending on 
heir mode of preparation or of occurrence in nature. With 
finely divided oxides such as those prepared by precipitation, 
the degree of dispersion within the conducting network of 
arbon may not be adequate for its efficient utilization. This 
an be improved by increasing the amount of carbon at the 
expense of the amount ‘of oxide. Moreover, the amount of 
electrolyte required to press a cathode will increase with the 
arface area of the two solids, the effect of each being inde- 
vendent and additive (3), so that in any given volume the 
space occupied by liquid increases and by solid decreases, as 
the surface area of the latter increases. For both these reasons 
the apparent advantage of an increase in specific surface of 
the oxide is offset by a reduction in the amount which can be 
ntroduced. 

An ideal galvanic system from the point of view of maxi- 
mum capacity and minimum wastage of materials would 
lemand, in addition to the requirements already discussed, 
equivalent amounts of anode and cathode material, so that 
vhen the current-producing reaction was complete, both 
electrodes would be entirely consumed. A situation of con- 
siderable practical importance arises when one electrode is 
lischarged further, or is polarized more than another, for in 
this event the potential of the overloaded electrode changes 
from the value at which the electrode normally operates, to 
one at which some other reaction can occur. Thus if all the 
mercuric oxide in the alkaline-mercury cell is reduced before 
the zine is consumed, and the cell is still under discharge, the 
potential of the cathode will approach that of the anode, viz., 
|.2 v, which exceeds the reversible potential of the hydrogen 
electrode at pH 14, plus the hydrogen overvoltage. Hence in 
cells which have been inadvertently left under load although 


# almost exhausted, hydrogen can be evolved within the steel 


container used and build up to dangerous pressures. Ruben 
26) describes how by appropriate design the zine anode can 
be entirely consumed just prior to complete reduction of the 
oxide. It is claimed that such “balanced’”’ cells may be short 
circuited for months, after having been discharged normally, 
without gas generation, distortion, or leakage of electrolyte. 
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Current Affairs 


John Wesley Marden Chosen Acheson Medallist 


» John W. Marden, recently retired 
(anager of the Molybdenum De- 
ment Division, Westinghouse Elec- 
Corporation, Bloomfield, New Jer- 
i has been selected as the twelfth 
rient of the Edward Goodrich 
econ Medal and Prize. The award, 
d medal and a prize of $1000 is 
erred biennially by The Electro- 
mical Society for the most out- 
ding contribution to those fields of 
ity fostered by the Society. The 
ntation will be made at a banquet 
r. Marden’s honor at the fall meet- 
of The Electrochemical Society in 
ntreal. 
ior most of his long career, Dr. Mar- 
has been concerned with research 
ing with the preparation and prop- 
ies of rare metals and with vacuum 
ys, gas-discharge and metal-vapor- 
tubes. He has also been responsible 
research in the field of fluorescent 
yders and their application in fluo- 
ent lamps. 
le has long been an active member 
The Electrochemical Society and in 
7 was honored at the Louisville 
ting by being presented with Hon- 
ry Membership. He is also a mem- 
of the American Chemical Society, 
American Association for the Ad- 
ement of Science, the Franklin 
titute, Illuminating Engineering So- 
ty and the American Institute of 
> City of New York. Among the 
ek-letter societies whose insignia he 
entitled to wear are: Sigma Xi, 
slon Chi, Phi Kappa Phi, Phi 
mbda Upsilon, Tau Kappa Epsilon, 
( Alpha Chi Sigma. Illinois Wes- 
i) University conferred on him the 
norary degree of Doctor of Science 
146, 
Westinghouse awarded Dr. Marden 
fcompany’s Silver W and Certificate 
the Order of Merit in 1944 for dis- 
tuished service “for his pioneering 
‘in the production of rare metals 


-in 1912, 


Award to Be Made in Montreal 


and the adaptation of these metals to 
the advancement of the art of illumina- 
tion and the science of electrons.” 
Recently he received from the De- 
partment of the Army its highest civilian 


Joun W. MarpEN 


award, the Certificate of Appreciation, 
in recognition of his research and de- 
velopment of a new alloy for barrel 
liners of automatic weapons. He was 
personally responsible for developing 
this new alloy which is superior to those 
currently available. 

John Wesley Marden was born May 
11, 1887, in Saginaw, Michigan. He 
attended school there and in Blooming- 
ton, Illinois. He obtained his B.S. de- 
gree at Illinois Wesleyan in 1908 and 
continued there as assistant in chem- 
istry. After a year at the University of 
Illinois, he received a fellowship at 
New York University where he was 
awarded his M.S. in 1911 and his Se.D. 
working under Professor 
Arthur B. Lamb. 

He worked in the Food and Drug 
Department for the state of South 
Dakota in 1913-14 and taught chem- 
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istry at the University of Missouri 
from 1914 to 1920. Starting as instruc- 
tor, he was associate professor when he 


. left to join Westinghouse with which 


company he has been associated for 
most of his career. From 1922 to 1942 
he was assistant director of research of 
the Lamp Division, after which he be- 
came manager of the Molybdenum 
Development Division. His stay at 
Missouri was interrupted during World 
War I for a year’s service as metallurgist 
with the Bureau of Mines in Golden, 
Colorado, where Dr. Marden studied 
zirconium. His interest in rare metals 
was continued at Westinghouse where 
he worked on titanium, vanadium, 
thorium, and uranium. Dr. Marden’s 
skill in the preparation of pure samples 
of uranium was called upon in 1941 
when a request for a kilogram of pure 
metal came in shrouded in secrecy. Not 
more than a few grams at a time had 
been produced before. By January 
1942, the order was up to six tons and 
laboratory methods had to be expanded 
rapidly and secretly to large-scale pro- 
duction. Eventually 60 tons were pre- 
pared for use in the Manhattan project. 


New Bakelite Fellowship 
for Mellon Institute 


The establishment of a new Multiple 
Fellowship to develop uses for resins 
derived from ethylene and acetylene 
was announced recently by Dr. E. R. 
Weidlein, President, Mellon Institute, 
Pittsburgh. The Fellowship is spon- 
sored by the Bakelite Company, a divi- 
sion of Union Carbide and Carbon 
Corporation, New York, and will be 
headed by Richard W. Quarles, Senior 
Fellow. His associates will be William 
H. McKnight, Edward T. Severs, 
Walter K. Vollmer, Arthur C. Frecht- 
ling, John T. Ingram and Gordon P. 
Bigelow. 
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This fall members of The Electro- 
chemical Society will meet in Canada 
for the tenth time. Plans for the 102nd 


meeting, to be held in Montreal on . 


October 26-30, with headquarters at 
the Sheraton-Mount Royal Hotel, are 
now taking definite shape under the 
guidance of a local committee com- 
posed of practically all of the small 
group of members located in the vicin- 
ity of Montreal. 

The last meeting held in Canada 
was in Toronto in the fall of 1946, 
while almost twenty years have passed 
since members last met in Montreal, in 
the spring of 1933. In the interim other 
Canadian meetings were held in Niag- 
ara Falls and in Ottawa. 

The city of SMontreal, while main 


Nakash, Montreal 


A. W. Wurraker, Jr. 
General Chairman, Local Committee 


taining its position as an industrial and 
financial center, has preserved, largely 
through the influence of its dual French- 
English culture, a character and charm 
of its own which distinguishes it among 
North American cities. Located on an 
island at the juncture of the Ottawa 
and St. Lawrence rivers, with the 
Laurentian Mountains as a backdrop 
and the unspoiled slopes of Mount 
Royal rising in the heart of the city, 
Montreal offers the visitor scenic 
beauty, many points of historical in- 
terest and significance, the best of 
cuisine, and excellent hotels, shops, 
and entertainment facilities. These 
attractions, combined with the promis- 
ing program of technical meetings, 
plant and University visits, and social 
functions now in preparation, are ex- 
pected to draw a large registration and 
to result in a most successful meeting. 


Convention Headquarters 


The Sheraton-Mount Royal Hotel, 
located at the corner of Peel and St. 
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Fall Meeting in Montreal 


Catherine Streets, in the immediete 
vicinity of all air and rail terminals 
and within a short block of the center 
of Montreal’s shopping and theater 
district, has been selected as Conven- 
tion headquarters. Registration, social 
functions, and most, if not all, tech- 
nical sessions will be held at the head- 
quarters hotel. As usual, reservation of 
hotel accommodations at an early date 
is strongly recommended by the local 
committee and should be sent directly 
to the Sheraton-Mount Royal Hotel. 


Plant Trips 


It is anticipated that at least two 
organized plant or laboratory visits, 
will be available to interested members 
during the meeting. The local com- 
mittee is also completing plans for a 
visit to the hydroelectric and electro- 
chemical installations of the Saguenay 
Valley. This trip is described briefly in 
the July Journat (see p. 165C) and 
full details are expected to be available 
for publication in the next issue. Ad- 
vance registration will probably be re- 
quired. 


Social Functions and Ladies’ 
Program 


The Montreal Ladies’ Committee is 
working out details for an interesting 
and varied program for the entertain- 
ment of ladies attending the fall meet- 
ing and are adjusting this program to 
the plans of the Entertainment Com- 
mittee. The latter tentatively includes 
a luncheon on Monday and dinners on 


Lugust 19 


Tuesday and Wednesday, «ne of wy 
will be the banquet in honor of , 
Acheson medallist. Both the [,j 
Committee and the Entertain, 
Committee will have additional det, 
ready for a later issue of the Jovgy, 


Rice, Montrea} 
A. F. G. CaDENHEAD 
Assistant General Chairman, 
Local Committee 


Technical Program rowr 
The technical program will confi Ed 

of symposia on Corrosion, Electric ij Ri 

sulation, and Electrodeposition, 


gether with various round tables | 
these groups. Division chairmen 1 
now arranging their respective sessicr 


The Invisible Border 

In order to assure re-entry into | 
United States without inconvenier 
members entering Canada should car 
with them means of identification aj | 
preferably some proof of 
citizenship. The’ latter is especially iq 
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tant in ‘he ease of those who are 
rican ¢ tizens other than by birth. 
ons of the United States, resident 
® and coming to Montreal for the 
wting should provide themselves in 
vance With proof of their right to 
enter the U.S. Early attention to 
matters is recommended. 


4i Committee Chairmen 


\dditional information regarding cus- 
ns, immigration, and financial mat- 
~ will be published in subsequent 
yes of the JourNAL and in the pro- 
»m booklet. Members requiring de- 
ed information on any points in 
snection with the meeting are invited 
srite, in care of the Local Committee 
retary, 1800 Sun Life Building, 
jontreal, to any of the following local 
mmittee chairmen: A. W. Whitaker, 
General Chairman; A. F. G. 
sdenhead—Assistant General Chair- 
an; M. L. Carey—Secretary, Finance 
Mrs. J. U. MacEwan— 
sdies’ Committee; J. U. MacEwan— 
otel Committee; D. F. MeNain— 
wistration Committee; C. Bruce 
nwn—Entertainment Committee; A. 
Edwards—Publicity Committee; R. 
Rimmer—Reception Committee. 


Empire Congress 
Australia in 1953 


The Fifth Empire Mining and Metal- 
wgical Congress will be held in Aus- 
alia and New Zealand during April 
i May, 1953. The object, of the 
ongress is to afford an opportunity 
r mining engineers, metallurgists, 
mists, scientists, and others con- 
med with the mining and metal- 
gical industries to meet and discuss 
chnieal progress and problems, in- 
uding the development of the mineral 
sources of the British Commonwealth 
Nations. 

Those interested in complete details 
ithe program, travel arrangements, 
t, should communicate with The 
eretary, Fifth Empire Mining and 
letallurgical Congress, Osborne House, 
9 Little Collins Street, Melbourne, 
ttoria, Australia. 


STM Changes 1953 
Meeting Date 


mm the American Society for Testing 


laterials announces that it has changed 
i date of its Annual Meeting for 1953 
m June 22-26 to June 29-—July 3. 
Ne meeting will be held at Chalfonte- 
Midon Hall, Atlantic City, New 
msey. 


CURRENT AFFAIRS 


Eagle Picher—A New 
Sustaining Member 


The Eagle-Picher Company is a pro- 
ducer of lead, zinc, cadmium, ger- 
manium, gallium, and their compounds, 
lead alloys and various metallic prod- 
ucts, thermal insulation, home-condi- 
tioning materials, paints, pigments, and 
associated products. About twenty-five 
plants, scattered over the United 
States, Canada, and Mexico, are oper- 
ated by the company or its subsidiaries. 
The executive offices are in Cincinnati. 

Officers heading the company are: T. 
Spencer Shore, President, and J. M. 
Bowlby, Chairman of the Board. Vice- 
presidents in charge of various phases 
of the company’s activities are W. R. 
Dice, C. A. Geist, M. M. Zoller, and 
Elmer Isern. R. L. Hallows is Technical 
Coordinator and Assistant to the Presi- 
dent. 

The Research Department is located 
at Joplin, Missouri, with Dr. A. Paul 
Thompson as director of research and 
H. R. Harner as assistant director. A 
staff of over 90 people is engaged in re- 
search on primary and secondary bat- 
teries, paints and pigments, rare metals, 
process metallurgy, metal recovery, 
thermal insulation, and development of 
new products. 

Members of the company’s technical 
staff have long been actiye in The 
Electrochemical Society, particularly in 
the Battery and Electronics Divisions. 
Dr. J. R. Musgrave is currently chair- 
man of the latter division. The Re- 
search Department has one of the best- 
known storage battery laboratories in 
the country and much basic data have 
been published on the lead-acid cell. 
More recently, Eagle-Picher has pio- 
neered the commercial production of 
germanium (obtained as a by-product 
from Tri-State ores) and is a very large 
producer of this metal, which has had 
such an impact upon the semiconductor 
field. 


Beckman Forms Division 
for Custom Instruments 


Beckman Instruments, Inc., South 
Pasadena, California, outstanding for 
many years in the field of electronic 
instrumentation, has recently estab- 
lished a new special products division, 
which will be devoted primarily to the 
study and development of special in- 
struments brought to it by industrial 
organizations. J. F. Bishop will direct 
the new division, which is a completely 
separate organization within the Beck- 
man Instruments operations. It is 
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located in its own modern plant, with 
full development and production facili- 
ties particularly designed for the manu- 
facturing and testing of custom-built 
instruments. 


Westinghouse Awarded 
Kaiser Aluminum Order 


The Westinghouse Electric Corpora- 
tion has reported receipt of an order 
for approximately $9,000,000 worth of 
electrical equipment for our new pot 
lines to be installed at the Chalmette 
aluminum reduction plant of Kaiser 
Aluminum & Chemical Corporation. 
Addition of these lines will give the 
Chalmette plant, located near New 
Orleans, Louisiana, a total of eight pot 
lines and will double the plant’s ca- 
pacity. 

Each of the four new lines will pro- 
duce 50 million pounds of aluminum 
per year, increasing the annual capacity 
of the plant by 200 million pounds. The 
operation will be completed by 1953. 


$10 Million Expansion 
for International Graphite 


Construction has been started for the 
new graphitizing facilities which will 
greatly increase the production of 
graphite electrodes at the Niagara Falls 
plant of International Graphite and 
Electrode Corporation, a subsidiary of 
Speer Carbon Company, St. Marys, 
Pa. Covering 25 acres, the expansion is 
being undertaken to meet the increasing 
demand of the electric steel and chem- 
ical industries. 

The new facilities which will cost 
$10,000,000 include a calciner, 16 
graphitizing furnaces, and complete 
milling, extruding, and baking facilities. 
It is expected to be in full production 
by May 1953. 


DIVISION NEWS 


Theoretical Division 


The Nominating Committee of the 
Theoretical Division of The Electro- 
chemical Society has announced its 
unanimous agreement on the following 
slate of officers for 1953: 

Chairman—J. P. Fugassi 

Vice-Chairman—André J. deBéthune 

Secretary-Treasurer—L. B. Rogers 

All of the candidates have expressed 
their willingness to serve. Members of 
the Nominating Committee are H. H. 
Uhlig, Chairman; E. L. Eckfeldt, A. 
Fleischer, and N. Hackerman. 

Watrer J. Hamer, Chairman 
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Robert Meeker Wins 
John W. Marden Prize 


Robert Eldon Meeker of Rock Island, 
Illinois, has been chosen the 1952 win- 
ner of the John W. Marden Prize, 
consisting of a year’s subscription to the 
JournaL of The Electrochemical So- 
ciety. This award is made to the out- 
standing undergraduate student in 
chemical engineering at Illinois Wes- 
leyan University during the current 
year. 

Mr. Meeker graduated from Illinois 
Wesleyan on June 9 with the degree of 
Bachelor of Science and plans to enter 
Northwestern University to begin work 
toward the Ph.D. degree in chemistry. 

At college he was elected to Alpha 
Epsilon Delta, Blue Key, and Phi 
Kappa Phi, and was reporter for the 
campus newspaper, the Argus. He also 
won honorable mention in the Seventh 
Annual Science Talent Search spon- 
sored by the Westinghouse Corpora- 
tion and conducted by Science Service. 


Paul Howard Joins Yardley 


Paul L. Howard, well-known electro- 
chemist, has resigned from the Electro- 
chemistry Section of the National Bu- 
reau of Standards, Washington, D. C. 
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to accept the position of Technical Di- 
rector of Yardley Corporation, 105 
Chambers Street, New York City. This 
company is the sole manufacturer of 
the Yardley Silvercel. 

Dr. Howard, a member of the Sub- 
Panel on Batteries for the Research and 
Development Board of the Department 
of Defense, was active in the U. 8. 
Navy’s battery development program 
during World War II, and was con- 
sultant on batteries to the Atomic 
Energy Commission. He was instru- 
mental in organizing the Washington 
Section of The Electrochemical Society, 
in which he has been an active worker. 


SECTION NEWS 


Midland Section 


The annual business meeting of the 
Midland Section was held at White 
Birch Hills Country Club on June 11. 
The principal item of business at the 
meeting was the election of officers for 
the coming year. The following were 
elected: 

Chairman—Harold H. Roth 

Vice-Chairman—W. R. Perry 

Secretary-Treasurer—F. N. Alquist 

W. R. Perry, Secretary-Treasurer 
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India Section 


The First Technical cting 
Section for 1952 was held on My 
at the Indian Institute of §;;,, 
Bangalore, with J. Balach:ndra jy , 
chair. 

V. Aravamuthan (active mey) 
Department of Metallurgy, [yj 
Institute of Science, read « paper 
“Economy in the Use of Electric: 
Many Electroprocesses.”” The spe 
stated that the subject is of the yt, 
importance in starting electrocher, 
thermal industries in places wher 
cost of freight on raw materials ay, 
finished products to the principal 
kets are favorable—although the 
of electrical energy is not favorab 
a certain extent 

Economy in the use of electricit 
electroprocesses can be effected } 
combination of electro-thermal mn 
esses in one and the same furnace y 
arrangements to collect the prody 


independently, (2) combination of { 


chemical with the electroche: 


method, (3) substituting the elec 


chemical by the chemical process 
employing electricity on different yy 


ciples, (5) using electrolytes with loy 


decomposition voltages and (6) ¢ 
ploying off-peak electricity. Eac! 


16 Cherry Avenue 


Prompt Quotations 
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MANUFACTURING COM PANT 


Waterbury, Connecticut 
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Specialists in Small Drawn Shells 
and Metal Stampings 


Manufacturers of high precision parts for the battery and electronics 
fields and other equally demanding fields for close tolerance work. 


Dependable Deliveries 
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hese m thods was illustrated in detail. 


owed ad the meeting terminated with 
yote of thanks to the speaker pro- 
OC 
nosed b Secretary. 

dra in { posed siz 

mem| The second number (Vol. 1, No. 2, 
y, Indy Ye April, 1952) of the Bulletin of the India 

paper setion of The Electrochemical Society 
setricit has been issued. 

tT. L. Rama Cuar, Secretary-Treasurer 
the utn 

“ochen PERSON ALS 

where 
als an RicharD F. Market, has left Great 
_— lakes Carbon Corporation at Niagara 
h the Falls, N. Y. to join Graphite Special- 
LV orable ties Company, also in Niagara Falls. 
petit V. ARAVAMUTHAN has been appointed 
ted by senior Scientific Assistant in the Cen- 
mal pr tral Electrochemical Research Institute, 
hon of P. S. NarRayANA of Mines House, 
troche: Bangalore, India, has been elected 
he elect p.cident of the Mysore Geologists 
\ssociation. 
erent | 

with low Joun S. Gerrarp, Kuwait Oil Com- 
1 (6) « ny, Ltd., Kuwait, Persian Gulf, is 
Eacl 


sending six months in England. 


Ons W. Fortrner, Air Reduction 
Company, Ine., Murray Hill, N. J., is 
nw at the company’s plant at Bound 
Brook, N. J. 


H. Jermain Professor 
{ Chemistry, Swarthmore College, 
Swarthmore, Pa., has retired from that 
lege in June and will make his home 
1 Canada at Glen Margaret, Halifax 
County, Nova Scotia. 


James H. Barrietr, Brookhaven 
National Laboratory, Upton, Long 
kland, N. Y., will be located at the 
Marine Biological Laboratory, Woods 
ole, Mass., after August 1. 


WV. A. Professor and Head 
the Department of Chemical En- 
Eneering at West Virginia University, 
Morgantown, W. Va., became director 
the Engineering Experiment Station 
July 1. The Experiment Station is 
¢ research agency for the College of 
‘gineering and the School of Mines. 


D. Cooter, former vice- 
rsident and director of research of 
¢ General Electri¢ Company, was the 
t recipient of the K. C. Li Prize and 
ward, consisting of a gold medal and 


An interesting discussion then fol- 
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Battery 
Problems! 


Leader in 


\, Research 


» Electrochemical 


Burgess is a pioneer in the field of 
Electrochemical research. For 
more than 30 years Burgess engi- 
neers have led in special battery 
development and manufacture. 
The complete Burgess facility . . . 
engineering . . . design . . . produc- 
tion .. . is available to provide the 
exact dry battery for any partic- 
ular application. 


Hundreds of Battery Type 
Already Available 


You may find the exact battery for 
your special requirements among 
the hundreds of types already de- 
veloped by Burgess engineers. 
Standard and special types are han- 
dled by Burgess distributors every- 
where, thus simplifying replacement 
battery problems for users of your 
equipment. 


Enter 


Your Requirements with Us! 


If you are in the design stage and need 
a special battery to meet special 
\ requirements, mail the coupon below 
for a FREE check-sheet to enter 
your battery specifications with 
Burgess engineers. They will then 
send you complete information on 
your special battery. 


Burgess Battery Company 

Dept. ECS, Freeport, Ill. 

Please send, without cost or obligation a Burgess check- 
sheet for entering our dry battery specifications. 
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an honorium of $1000, for his pioneer 
work on tungsten. The presentation 
was made at Columbia University on 
May 20. 


P. M. Bunrer has recently been ap- 
pointed executive vice-president of Na- 
tional Carbon Company, a division of 
Union Carbide and Carbon Corporation, 
New York, N. Y. 


NEW MEMBERS 


In June 1952, the following were 
elected to membership in The Electro- 
chemical Society. 


Active Members 


Hanns F. Aruteprer, Hurlbut Paper 
Company, South Lee, Mass. (Electric 
Insulation) 

Artruur P. Bearp, General Electric 
Company, mailing add: 828 Hampton 
Ave., Schenectady, N. Y. (Elec- 
tronics) 

Asar A. Benper.Ly, National Bureau 
of Standards, mailing add: 1829 
Summit Pl., N.W., Washington, D.C. 
(Electrodeposition) 

Frank C. Benner, National Research 
Corporation, mailing add: 25 Colonial 
Ave., Waltham, Mass. (Electronics 
and Electrothermic) 


K. Earnest, Pennsylvania 
Salt Mfg. Company, mailing add: 
6400 N.W. Front St., Portland, Ore. 
(Industrial Electrolytic) 

Ropert L. Haptey, General Electric 
Company, mailing add: 1537 Clifton 
Park Rd., Schenectady, N. Y. (Elec- 
trothermic and Rare Metals) 

Tapao Hayassi, Department of Chem- 
istry, Naniwa University, 178, Mo- 
zuhigashino-cho, Sakai City, Osaka, 
Japan (Electro-Organic) 

Cuartes C. Hovurz, Bell Telephone 
Laboratories, Inc., Murray Hill, N. 
J. (Industrial Electrolytic) 

Hirosat Isaikawa, Nippon Carbon 
Company, Ltd., No. 1, 1-chome, 
Shin-Urashimacho, Kanagawaku, Yo- 
kohama, Japan (Electrothermic) 

Leonarp 8. Linco.n, Pratt & Whitney 
Aircraft Company, mailing add: 14 
Ridgefield St., Manchester, Conn. 
(Electrodeposition) 

TakasHt Muxkarsou, University of 
Tokyo, mailing add: 2-38, Kitazawa, 
Setagayaku, Tokyo, Japan (Corro- 
sion, Theoretical Electrochemistry) 

Arwoop B. Oatman, National Carbon 
Company, 30 E. 42nd St., New York, 
N. Y. (Electrothermic) 

Henry Paice, Naval Air Material 
Center, mailing add: 6750 Akron 
St., Philadelphia, Pa. (Corrosion) 


7 


Av just 1954 


Peter W. Ransy, Thorn 
Industries, mailing add: 5g Gras] 
mere Ave., Wembley, 
England 

Joun W. Titey, Phileo Co: poratic, 
mailing add: 418 Preston Line, Ha! 
boro, Pa. (Electronics) ” 

Associate Member wb 

Watiace L. DRUMBILLER, U 
of New Mexico, mailing add: 425 w itav 
Santa Fe Ave., Albuquerque, 
(Electrodeposition, Electrothermic fim ti 
and Theoretical Electrochemistry) 


Student Associate Member 

Davin O. Feper, Columbia Universit 
mailing add: 205 E. 72nd St., Ney 
York, N. Y. (Corrosion, Electro 
deposition, Electrothermic, and The 
oretical Electrochemistry) (Former! 
Active Member) | 

Desmonp M. Fecrepo, Department 
Metallurgy, Indian Institute of Sci 
ence, Bangalore, India (Electrodepo 
sition) 

SUNDARESA SOUNDARARAJAN, Genera 
Chemistry Department, Indian In 
stitute of Science, Bangalore, Ind 
(Electro-Organic) 

Yen-NGen WANG, Missouri School 
Mines & Metallurgy, mailing add 
1310 Bishop Ave., Rolla, Mo. (Co 
rosion and Electrodeposition) 


TUBING... 


to your specifications ' 


Polystyrene * 
Poly-Kraft 
Acetate 
Cellophane 
Nylon 
Nitrate 

@ Fiber 


... Of any other material that will best su! 
your purposes and needs. 


Accurately made — held within close 
tolerances. We invite your inquiries. 
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gTTER TO THE 
pITOR 


poration, Electrolytic Titanium 


ine, Hat! var Sir: 
There is great interest today in the 
oblem of an electrolytic method for 
ducing titanium electroplates or 
tanium powder. In the course of some 
ork we have done on the electrolysis 
‘titanium compounds in fused salts 
shave had occasion to check the lit- 
ture on the subject and find that 
yere is practically nothing of signifi- 
ance in print. We have learned, how- 
ver, that there are at least a half- 
jen different groups working on the 
Loblem and that many of them claim 
verbally to be far advanced in their 
velopment. Since none has published 
wvthing at all, the danger of duplica- 
on and waste in the efforts of each is 
ious. Although we are at an admit- 
wily early stage in our work, we wish 
» state our findings in your columns 
in the hope that others may publish 
heir work and all may benefit—and 
wasteful “rediscoveries” be eliminated. 
We have found that from a bath of 
the composition shown below, electro- 


‘Niversity 
1: 425 
e, N.M 
othermic 
istry) 
iber 
niversit 
St., New 
Electro 
and The 


Former 


rtment 0 
te of Sej 
ctrodepo 


Genera 
idian In 
re, Ind 


School 
ling add 
lo. (Cor 
») st current densities of 30 to 100 amp/ 
im’, titanium powder is deposited on 
the cathode. 
KeTiFs 1 part 
NaCl 
KCl 
The electrolyte is contained in a 
gaphite crucible which serves as con- 
tainer only and is. not in the electric 
reuit. The powder is deposited as fine 
ern-like dendrites, together with an 
purity insoluble in water and dilute 
id. The impurity is observed in the 
icroscope as discrete white particles. 
‘ince at 3 amp/dm* no deposit is ob- 
tained, but instead the titanium is re- 
wed to the trivalent state, the follow- 
trivalent titanium electrolytes were 
repared : 
TiCl, 
NaCl 
KCl 


(1) 


TiF* 1.8 parts 

NaCl10 

KCI 10 “ 
(111) 


2 parts 
15 “ 
15 “ 


When either of these solutions was 
eectrolyzed at 900° C at 30 to 100 
mp/dm*, titanium powder was pro- 
wed at the cathode, but the purity 
as no greater than previously. Since 
the impurity is insoluble in water and 
lute acid, it must arise from either a 
ntaminated atmosphere or from ad- 
wrbed moisture or oxy-compound im- 
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vzed at 850° C in an inert atmosphere 
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Fic. 1. Cross section of titanium de- 
posit, 500. 


purities in the salts, because bath (II), 
which is composed only of chlorides, 
contains no insoluble or potentially in- 
soluble ingredients. We believe that 
elimination of these contaminants will 
result in essentially pure titanium de- 
posits, as has been found to be true in 
our work with analogous systems for 
molybdenum deposition. 

We might add that at 100 amp/dm? 
the cathode current efficiency of bath 
(II) was over 90 per cent based on the 
reaction Ti** + 3e — Ti. At 30 amp/ 


Fic. 2. Titanium powder dendrites, 
50x. 


dm? a tightly adherent layer of titanium 
metal was found on the tungsten cath- 
ode, after the overlying layer of ti- 
tanium powder was scraped off. The 
average thickness of this coherent and 
adherent layer was about 0.0005 inch 
and seemed to be limited to about the 
thickness of one or two grains. A pho- 
tomicrograph of a cross section of this 
deposit is shown in Fig. 1. Fig. 2 is a 
photomicrograph of the powder. 

We believe that the prospects for the 
production of pure titanium powder by 


For All 


1 East 42nd Street 


GRAPHITE 


Purposes 


Natural and Artificial 
Amorphous, Crystalline and Flake 
Domestic and Imported 


Twenty mesh to micron sizes 


* 


For the most complete line of graphites, turn to the most de- 
pendable name in graphite. 


CHARLES PETTINOS, INC. 


New York 17, New York 
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electrolytic means are good. The de- 
velopment of a process for producing a 
coherent and adherent titanium electro- 
deposit is important and we hope this 
note will encourage a greater exchange 
of information among workers in the 
field in order to hasten the attainment 
of these goals. 
ABNER BRENNER and 
SerMour SENDEROFF 
National Bureau of Standards, 
Washington, D. C. 


BOOK REVIEWS 


Tastes or Kinetics. Ho- 
MOGENEOUS Reactions. Circular 510 
of the National Bureau of Standards. 
For sale by Superintendent of Docu- 
ments, U. S. Government Printing 
Office, Washington, D. C., xxiv plus 
731 pages. 1951. $4.00. 

Since the publication of the Interna- 
tional Critical Tables in 1926, there 
has been a tremendous growth and 
refinement of scientific data. The tables 
presented in this volume represent a 
cooperative effort sponsored by the 
National Bureau of Standards, the 
Committee on Tables of Constants of 
the National Research Council, and 
Princeton University. The tables are 
delivered in the form of punched loose 
sheets temporarily assembled under a 
paper cover. This cover can be removed 
at the discretion of the subscriber upon 
receipt of a batch of supplementary 
sheets which can be inserted in their 
correct places and the whole set can 
then be held in a suitable loose-leaf 
binder. 

This volume is essential for all refer- 
ence libraries. 

R. M. Burns 


SAMARITAN OF ScreNce by 
Frank Cameron. Published by 
Doubleday & Company, Inc., New 
York, 1952. 403 pages, $4.50. 

This very detailed biography of a 
great scientific humanist and philan- 
thropist makes interesting reading. 
Since Cottrell kept a meticulously de- 
tailed diary from his early student 
days, through his graduate studies in 
Europe and down to his death, the 
biographer was fortunate in finding a 
vast store of material to draw upon. 

To the layman, Cottrell was rela- 
tively an unknown; to the chemist, he 
was perhaps best known by his major 
contributions to the technology of dust 
precipitation and of secondary metals 
recovery. The most valuable contribu- 
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tion, however, that he made to society 
was his firm and undeviating following- 
through of an ideal formed early in life. 
To him profits were not the sole end of 
his business life. He helped by word or 
deed hundreds of promising people or 
their projects. 

Cottrell’s description of himself as a 
catalyst for others’ activities seems to 
have been entirely justified. As a mat- 
ter of fact one of his colleagues is quoted 
as having said: “Catalyst hell! he’s a 
detonator.” A tangible proof of his 
philanthropic bent was his association 
with the founding of the Research Cor- 
poration and the turning over to it of 
his early and most valuable patents, 
among others those important ones 
dealing with dust precipitation. 

Technically he held many important 
scientific positions including the di- 
rectorship of the U. S. Bureau of Mines 
and of the Fixed Nitrogen Research 
Laboratory. His interests were wide. 
An individualist in his profession, he 
was also an individualist in his private 
life. Science always came first; even the 
claims of marriage at times had to take 
second place. Withal he was warm, 
human, and had a very wide acquaint- 
ance and a whole galaxy of friends. 

EarLe ScHUMACHER 
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MEETINGS OF OTIIER 
ORGANIZATIONS 


AMERICAN INSTITUTE OF | 
ENGINEERS, general summ« meetin, 
Phoenix, Ariz., August 19 9. 

SEVENTH NATIONAL INSTRUMENT? 
FERENCE, Cleveland, Ohio. Septe 
ber 8-12. 

SeVENTH NATIONAL CHEMICAL [xp 
sition, Chicago Coliseum, Chicay 
Ill., September 9-13. 

AMERICAN CHEMICAL Society, natioy 
meeting, Atlantic City, N. J., 8» 
tember 14-19. 

NATIONAL MeTALS SHow, Phiiadelp} 
Auditorium, Philadelphia, Pa., Oc 
ber 20-24 


TENTH ANNUAL PirrsspurGH 
TION CONFERENCE, Mellon Instity 
of Industrial Research, Pittsburg! 


Pa., November 6-7. 


MONTREAL MEETING 


The Electrochemical Society 
October 26-30, 1952 
Sessions on Batteries, 

Corrosion, Electrodeposition, 
Electric Insulation, 
Industrial Electrolytics 


for illustrated bulletin 130. 


INSTRUMENTS 
£-APPARATUS 
CORPORATION 


electro-analysis 
apparatus 


New Methods Manual prepared at Battelle Memorial Insti- 
tute under Eberbach sponsorship is supplied with each appa- 
ratus. This rugged unit is built for continuous duty, Built-in 
rectifier delivers 8 volts, 5 amperes DC to both spindles si- 
multaneously or 16 amperes DC for a single determination. 
Ammeter, voltmeter, polarity reversing switch and power 
control knob are provided for each position. Case is stainless 
steel and cast aluminum. Operates from 115 volt or 230 volt, 
60 cycle AC. Unit measures 143” by 163” by 294” high. Ask 
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Half a doxen books in one”... “We see the impact of living history”... 
Many of the chapters deal with technical matters” ... “Glimpses of the 
ly days of radio, talkies, television.” —FROM REVIEWS 


-A Romance 


Research 
The LIFE of CHARLES F. BURGESS 


Student — Teacher — Researcher — Industrialist 
Dy Alexander McQueen Published 1951—Cloth, viii plus 429 pages, 
Vith a foreword by George W. Heise 6-1/4.% 9-1/2 inches, 64 [ustrations, 
nd a technical appendix by O. W. Storey many of them unique—$6.00 postpaid 


Do You Use Instruments in Your Work? 


If so, you will want to know about the 800 new Re which will reach the American 
market in 1952. Or the 1200 new manufacturers’ catalogs on all phases of measurement and 
control. 

We want to provide you with this service, which includes 12 issues of INSTRUMENTS 
(The Magazine of Measurement, Inspection, Testing and Control), and a copy of the IN- 
STRUMENTS INDEX (a buying directory listing over 2000 different instruments produced 
by 1500 manufacturers). 


At $4.00 this is the most reasonable, up-to-the-minute engineering service you will ever 


buy. Send your subscription to the Instruments Publishing Company. 


THE INSTRUMENTS PUBLISHING CO., INC. 
gz1 Ridge Avenue, Pittsburgh 12, Penna. 
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RECENT PATENTS 


Selected for electrochemists by Fred. 
W. Dodson, Chairman of the Patent 
Committee, from the Official Gazette. 


April 22, 1952 


Ferrand, L., 2,593,741, Process for the 
Electrolytic Production of Aluminum 

Grolée, J., 2,593,751, Igneous Elec- 
trolysis Cell 

King, B. H., 2,593,893, Primary Cell 

Pavelka, F., 2,593,915, Electro-osmotic 
Apparatus 

Robinson, P., and Reid, C. C., 2,593,922 
Insulated Electrical Conductor 

Martinez, J. M., 2,594,047, Cathode 

Charlesworth, P. A., 2,594,124, Elec 
trolytic Polishing of Metals 


April 29, 1952 


Baars, E. G., Application 224,440, 
Method of Impregnating Porous 
Sintered Nickel Plate 

Eastman, E. D., deceased, by Eastman, 
A. G., executrix, Application 791,465, 
Electrodeposition of Uranium 

Goldowski, N., Application 619,264, 
Treatment of Aluminum 

André, H., 2,594,709, Silver and Zine 
Accumulator with Insoluble Negative 
Electrode and Invariable Electro- 
lyte 

André, H. G., 2,594,710, Zine-Silver 
Accumulator 

André, H. G., 2,594,711, Zine-Silver 
Accumulator 

André, H. G., 2,594,712, Silver and 
Zine Accumulator Having an In- 
soluble Negative Electrode 

André, H. G., 2,594,713, Electric Ac- 
cumulator 

André, H. G., 2,594,714, Method of 
Forming Electrie Accumulators 

Stern, C., 2,594,820, Process for Manu- 
facturing Timepiece Dials 

Davis, J. N., 2,594,879, 
Action Battery 

De Quasie, L. G., and Eisenberg, R. F., 
2,594,881, Electrode for Chromium 
Plating 

Knapp, B. B, and Carr, D. &., 
2,594,933, Process for Electrode- 
positing Hard Nickel Plate 

Muehlenkamp, G. T., 2,594,972, Elec- 
tric Furnace 

Muehlenkamp, G. T., 2,594,973, Elee- 
tric Furnace and Lead Electrode 

Portail, F., 2,594,988, Primary Battery 
and Consumer 

Wyllie, M. R. J., 2,595,042, Non- 
polarizing Electrode for Electric Log- 
ging of Boreholes 


Deferred- 


LITERATURE 
FROM INDUSTRY 


“A-MP Quvuatiry ConrrRoL,” a new 
booklet dealing with quality control of 
the entire solderless wire termination 
process has just been published. It 
provides technical information concern- 
ing 3-way control of this process from 
the raw metal, through manufacture, 
to the finished installation. Aircraft- 
Marine Products, Inc. P-47 


ApsesioN or Harp NICKEL TO 
Higu-Srreneth AtuMINuM ALLOY. 
Booklet containing 5 pages, 10 tables, 
and working drawings describes im- 
proved procedure of the well-known 
zincate process for electroplating on 
aluminum alloys. Gives satisfactory 


‘adhesion and a wear-resistant deposit 


of hard nickel on a high strength 
wrought zinc-aluminum alloy. Inter- 
national Nickel Co., Inc. P-48 


Vacuum Mera.uizine. Comprehen- 
sive brochure entitled “Vacuum Metal- 
lizing Today,” describes in detail this 
newest low-cost coating process and 
how it can be applied to the surfaces of 
plastics, metals, glass, paper, textiles, 
leathers, and many other products. 
Process is thoroughly covered, including 
pre-treatment, drawing of vacuum, 
metallizing, and finishing. F. J. Stokes 
Machine Co. P-49 


INsTRUMENT AmpPLirierR. An _ im- 
proved instrument amplifier (Model 
102 Phantom Repeater) which greatly 
increases the accuracy of oscilloscopes 
and vacuum tube voltmeters is de- 
scribed in a new 4-page bulletin. Has 
an input impedance of over 200 meg- 
ohms shunted by 6.0 mmf; gains of 1.0, 
10, and 100; frequency response from 
5 to over 150,000 eps. Keithley Instru- 
ments. P-50 


Corrosion-Proor Cements. New 
bulletin providing technical data and 
information on the four basic types of 
corrsion-proof cements has just been 
released. Includes graphic charts show- 
ing the temperature range of each 
cement and resistance to broad classes 
of corrosives. Also resistance tables. 
Atlas Mineral Products Co. P-51 


Burrer Bulletin describes 
how these buffer tablets offer a more 
convenient, economical, and a more 
exact means of doing an old job in a 
modern manner. Coleman Instruments, 
Ine. P 52 
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ComBustion TuBE Furn crs, py 
tin announces two new model 
bustion tube furnaces (Type. 70-7 J 
77-T), using a tap changing try 
former which provides 36 steps of te 
perature control. Transformer 
mounted in the pyramid type bay 
the furnace making furnace and , 
trols one complete unit, thus qoij 
away with separate rheostats 
costly input control devices. Heyi [y 
Electric Co. Ps 


ANALYsIs. Ney 
page, amply illustrated folder tit 
“X-ray Fluorescence Analysis, \y 
Destructive Testing at Shop Level’ 
available gratis. Describes the use 
high intensity X-ray tubes and }j 
efficiency Geiger counters for 1 
destructive identification of element: 
3 to 5 minutes after specimens are ) 
pared. North American Philips ( 
Inc. 


To receive further information 
on any product or process listed 
here send inquiry, with key num- 
ber, to JOURNAL of The Electro- 
chemical Society, 235 West 102nd 
Street, New York 25, N. Y. 


Please print your name and ad- 
dress plainly. 


EMPLOYMENT 
SITUATIONS 


Please address replies to box sho 
% The Electrochemical Society, ln 
235 W. 102nd St., New York 25, N. \ 


Position Wanted 


CuemicaL Enoineer, BS. 
M.S. 1952, 6 years’ industrial plus 
years’ Civil Service experience in el 
trochemical field (plating, batteries 
supervision, development,  resea! 
Adaptable, mechanically inelin 
Available September. Reply to Box 3: 


Position Available 


ELECTROCHEMIST OR ELECTROCH! 
icAL ENGrNeer for research in 
elegtrochemical processes. Requ!! 
chemist with specific training and ¢ 
perience in electrochemistry, prefera! 
one who has done graduate work in t! 
field recently, has good scholastic " 
ord, and is capable of planning “! 
carrying out original research. Amer 
citizen by birth. West Coast ar 
Salary open. Reply to Box A-240. 
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Packages of Power 


: in manageable quantity came with Volta’s discovery of 
the pile and crown of cups as sources of current a century-and-a-half ago. The an- 
nouncement of his famous apparatus which was destined to be the forerunner of mod- 
ern batteries was followed immediately by experiments of far-reaching importance in 
England and elsewhere. This was more than a coincidence. It emphasized the vital 
role that electrical batteries played in an age of rapidly expanding knowledge of elec- 
trical phenomena. Not even the advent of electromagnetically-induced current which 
had its inception in Faraday’s great discovery served to replace batteries or to deny 
the necessity for them as “‘packaged power.”’ If they no longer se~ve as practically the 
only source of electric power, they fill the ever-present need now for sources of power 
at times and places where other means are lacking, or because of their reliability they 
serve as safeguards to insure continuity of service. To the general public the storage 
battery to start motor cars or the dry cell to light flashlamps are the most familiar 
types, but more than these the less familiar types are many and vital to our present 
way of life. Military uses for both primary and secondary batteries developed rapidly 
in recent years and this has created a demand for widely diverse kinds and sizes. 

Batteries are typically electrochemical. The chemical energy of the reacting con- 
stituents of the individual cells is supplied to the external circuit as electrical energy. 
In some batteries the reactions are accomplished So reversibly that the battery may 
receive the electric current and deliver it again efficiently at a later time. The battery 
does not, however, store electricity as such. Planté who gave to the world the first 
practicable storage battery at the tender age of 26 years demonstrated the transforma- 
tions of one form of energy into another. Using the newly invented Gramme generator 
which was operated by a hand crank, the mechanical energy of turning the crank was 
converted by the generator into electrical energy and this in turn was supplied to a 
battery and stored as chemical energy. When the battery was charged and cranking the 
generator ceased, the battery was left connected to the generator which then began 
to operate as a motor. The chemical energy of the battery was delivered as electrical. 
energy to the motor and this turned the crank representing mechanical energy. Thus 
the cycle was completed. 

Electrochemical reactions within the battery take place in accordance with Fara- 
day’s fundamental laws and the transformations of one kind of energy into another 
are in accordance with well recognized laws of thermodynamics. 


(Continued on next page) 
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Editorial (continued) 


The nineteenth century was characterized by many inventions in the realm of bat- 
teries and the search for new and better types. Few of those we know today were not 
the subject of experiment then. Volta’s pile set the pattern for the first third of the 
century. Polarization was ever troublesome until the advent of two-fluid cells typified 
by Daniell’s well-known cell. This was followed by other famous batteries of Grove, 
Bunsen, and Poggendorf—to mention only a few. In the second half of the century 
came the era of solid oxide depolarizers and the famous cells of de la Rue, Planté, 
Leclanché, and Lalande. The close of the century witnessed the invention of the pasted 
plate storage battery and the entrance of Edison into the battery industry with an 
improved copper oxide primary cell and an alkaline storage battery which he sub- 
sequently modified in 1910. 

Batteries in common use during the first part of the twentieth century were mainly 
familiar storage batteries and dry cells with somewhat less familiar air-depolarized 
batteries and the modernized Lalande cells. From this relatively standardized variety 
of batteries, the beginning of World War II brought a sudden demand for new types 
that greatly stimulated research and invention. Some of the reactions known in former 
years were utilized and some new types appeared. Among those which now concern 
us are the silver-peroxide batteries, mercury-oxide batteries, cuprous-chloride batteries, 
magnesium-types of dry cells, chlorine-depolarized cells, revitalized Zamboni piles, 
fused-electrolyte cells, and new forms of cadmium batteries. The present tendencies 
are toward maximum power in limited size and the construction for some purposes 
of minute sizes. Many of these will hardly appear in the civilian economy, but they 
are important nevertheless. 

The Electrochemical Society is properly the forum for the presentation of papers 
on battery subjects, but it is only recently that the Battery Division of the Society 
was formed. It is the youngest of the divisions, but it is showing a most encouraging 
vigor and growth. This division took over the interests and responsibilities of the 
former technical committee on primary and storage batteries. This committee had 
yearly reviewed the technical developments of the preceding twelve months, but had 
assumed little or no responsibility for periodically presenting symposia on battery 
subjects. With the presentation of two symposia on batteries at the forthcoming 
Montreal meeting, covering both primary and secondary batteries, the interest and 
importance of the subject is evident. —GeEorGE W. VINAL 
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ANNIVERSARY ISSUE ON STORAGE BATTERIES 


Introduction 
J.C. White! 


The second portion of the Battery Division’s effort in pay- 

‘tribute to the 50th Anniversary of the Society is directed 

wyrd presenting an up-to-date picture of the character- 

ys of presently known types of storage batteries by recog- 

»( authorities in each of the specialized areas. No attempt 

been made to include a bibliography on each type but 

her to draw on the wide experience of each man in his field 
ammarize the best information that is available in order 
tain a brief but authoritative picture of each type of 
prage battery. 

it should be understood of course that while most of the 

ymation to be presented in these articles can be found 

» sn individual basis either in books, such as those by G. W. 
final, in the scientific literature, or in bulletins supplied by 
he individual battery manufacturers, there has been little 
fort in the past to present in one place such a composite 

ture of the characteristics of the various types of storage 
utteries. The Society has, however, published 65 papers on 
wage batteries during the 50 years of its existence. 

It is believed that such information will be of real value 
pt only to those who are encountering storage battery prob- 
us for the first time but also to those with battery experi- 
ace who need a ready reference to the possibilities of other 
pes of storage batteries. 

It should be realized at the start that storage batteries 
x notorious for their very low energy output per unit 
eight and volume, but are at the same time unique in that 

ey become most important where other sources of energy 

r impossible. As a result, there are no airplanes driven by 
wrage batteries, and there are no submarines, at least up to 
2, which are not driven by storage batteries while under 
miter. Competition between batteries and other sources of 
power is limited to a very few applications. 

To balance the great weight of storage batteries as a source 
‘power, they have certain advantages, namely: they can 
eiver a large amount of power instantly; they can be over- 
mled tremendously; they operate at almost any tempera- 
ure; they do not give off poisonous gases; they do not con- 
ue air; their stand-by loss is minor; and their energy is 
malily converted to light, heat, sound, and can operate radio 
‘uipment. 

Where a storage battery appears to be the best source of 
ower, the choice of the type of battery may depend on such 
istic Quantities as cost, availability, or weight, and it may 
Wolve other properties not normally considered, such as 
“elf life, vibration resistance, impact resistance, corrosion 
‘surroundings, and behavior at high rates of discharge or 
temperatures. 

The l-ad-aecid battery was the first successful storage bat- 
try and it was only after many years of development that 


‘Nav! Research Laboratory, Washington, D. C. 


the alkaline type of storage battery became available. Since 
that time, shortly after the turn of the century, there have 
been two othér types of alkaline storage batteries developed, 
the nickel-zine or Drumm battery and the silver-zine battery. 
In addition, a modified form of the nickel-cadmium battery 
has been developed in which the pocket type of plates has 
been replaced by a sintered type of plate. The nickel-zine 
battery was developed by Drumm in the Irish Free State 
about 20 years ago for railroad use but apparently has not 
been successful and, therefore, will not be described here. 
An outline for this up-to-date picture of storage battery 
characteristics naturally divides itself into two main parts, 
the lead-acid storage battery and the alkaline types of stor- 
age batteries. Since the lead-acid storage battery represents 
by far the larger volume of storage batteries in use, this 
part has been further divided into the more important types 
of applications. The alkaline storage battery portion, on the 
other hand, has been broken down essentially under the 
various types of alkaline storage batteries rather than by 
their application. The last two types in this group have only 
recently become available to a limited extent but represent, 
however, the only new types of storage batteries which have 
been developed for many years and are included primarily 
on the basis of their potentialities in certain applications. 
In each part, an attempt is made to give an accurate but 
brief description of the battery along with some idea of its 
present commercial importance and the sizes in which it 
is available. This is followed in most cases by an over-all 
picture of the battery’s operating characteristics such as 
watts per pound at various discharge times, density, charge 
and discharge curves, loss of capacity on stand, and, wherever 
possible, an idea as to the life of the battery under various 
types of use such as float, over-charging, and cycle services. 
No attempt has been made to include complete detailed 
characteristics under all operating conditions, but rather to 
give an idea of the over-all characteristics and limitations of 
each type of battery. 
Papers included in this issue are as follows: 
“The Lead-Acid Automobile Battery” by E. Willihnganz 
“Lead-Acid Motive Power and Carlighting Batteries’ 
by H. C. Riggs 
“Lead-Acid Stationary Batteries’ by U. B. Thomas 
“Plastic Container-Electrolyte Retaining Lead-Acid Stor- 
age Batteries” by C. H. Endress and C. C. Rose 
“Low Discharge Cells” by C. C. Rose and A. C. Zachlin 
“The Edison Nickel-Iron-Alkaline Cell” by F. C. An- 
derson 
“Nickel Cadmium Batteries—Pocket Type’ by Sven 
Bergstrom 
“Sintered Plate Nickel-Cadmium Batteries” by G. B. Ellis 
“The Zinc-Silver Peroxide-Alkaline Storage Battery” by 
Samuel Eidensohn. 
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The Lead-Acid Automobile Battery wel 
E. Willihnganz' effect 


To most people the term, storage battery, means the lead- 
acid automobile storage battery. This is a small black unit 
delivering approximately 100 amp-hr at 6 v. It is a specialized 
type of battery designed to crank an automobile at a low 
temperature with a minimum battery weight. 

Although the design of the battery is determined by the 
cranking needs of the automobile, the battery performs many 
other services. Whenever the engine speed is below a certain 
minimum value, it is the battery which operates the ignition, 
lights, horn, radio, and some of the instruments. 

The size of automobile batteries is specified by the Society 
of Automotive Engineers which has standardized external 
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Fic. 1. Power output of automobile type of batteries 
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Fic. 2. Average voltage during discharge of automobile 
batteries. 


dimensions and minimum capacity and life ratings of storage 
batteries which are substantially interchangeable in modern 
automobiles. Although capacities of 90 to 200 amp-hr are 
available, at least 34 of the American battery production is 
in the 100 to 120 amp-hr sizes. These take care of practically 
all of the popular automobiles, while the remaining sizes are 
primarily special-purpose units for truck and bus service. 

All of these batteries have essentially the same basic con- 
struction. They are of the lead-acid type and have a large 
number of thin plates in a hard rubber, or equivalent, con- 


' Gould-National Batteries, Inc., Depew, New York. 
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course 


Rec ase 
tainer with heavy lead connections and lead t« rminal Tes 
adequate to handle a current of several hundred ampelm be wit 
They are similar in plate thickness and in sep:rator ¢)jmmpcel! eX¢ 
ness, but differ principally in the number and size of pie!’ 0.0 

The electrical size of an automobile battery is ysy,)), fperatur 
pressed as its capacity at the 20-hour rate of dischayemms clectt 
80°F. For example, if a battery can be discharged at 5 mt the ¢ 
for 20 hours before the discharge voltage falls off rapide jually 
the battery is rated as a 100 amp-hr battery. in the 

When a battery is being selected for an engineering gmmgenetl, 
pose, it is customary to have in mind a certain load in wai terms 
and a period of time during which this load must be i ‘virtu’ 


livered. For example, suppose that 1200 watts is required five nat 
0.1 hour at 0°F. The battery required to deliver this enogme the § 
can be calculated from the data shown in Fig. 1. Acconjgmes. In § 
to this chart, for a 0.1 minute discharge at 0°F, batteriesii/ative P 


the automotive type will deliver 26 w/lb of battery. To )ggulution 
duce 1200 w will, therefore, require 1200/26 = 46 |) Hijends 0 
battery. which | 
The volume of such a battery can be calculated from (ithe ¢ry 
weight, since automobile batteries w:il, in general, wegmmt the | 
138 lb/ft®. Accordingly the volume of the above battqim offers 
will be 46/138 = 0.333 ft*. lxining 
The rated capacity of such a battery, that is, the capaci 
at the 20-hour rate for a three-cell six volt unit can be ef! a ch 


mated on the basis that a 100 amp-hr battery will weigh fimtme b 
to 41 lb. The above data has been based on a 38-Ib batiame peri 
weight, so that a 46 lb battery will have a rated capacity Hi pe 
46/30 = 120 amp-hr. p. A 

This method of estimating battery size is of general useif ° ' 
ness, but it has some limitations. It can be used to estima °F 
the size of a battery required for practically any load 


loss 


operating temperature. Some variations will occur betweqimns for 
different brands of batteries. For extremes of battery s@mg’!i-di 
the calculated battery weight and volume will be somewh tomok 
greater or less than calculated. Of course this method of ce {or 
culation does not tell whether a battery of the desired powgyye "2! 
output and case dimensions is actually being manufactur eral | 

The excellent capacity at low temperatures and high (gee 
charge rates is a gradual development of the last 20 yea! cl 
and is the result of the presence of materials known as yt (0: 
panders. Where expanders are absent, high rate dischangg “4 
rapidly coats the sponge lead of the negative plate with jl 


impenetrable layer of lead sulfate which blocks off furthqggpranc 
discharge. The expander contains two important ingredient 
barium sulfate on which lead sulfate can crystallize, and ac 
organic material which prevents lead sulfate from erysiggpould 
lizing on the sponge lead surface. av 

The organic ingredient of the expander is, in geners!, 't 
derivative of the lignin fraction of wood and is frequent!) The 
waste product recovered from a paper mill, although  {eggy" of 
other types of material have been found useful. ults 

Another aspect of battery performance is the voltage ug na 
ing discharge. A method of estimating average voltage over m° smal 


of the desired range of discharge conditions is shown in Fig. Hype 
Here again, hours of discharge capacity is used as the hog " 
zontal axis. This is used because it is the quantity spec’ 
in setting up battery requirements, and also because it ™!" As 
mizes the effect of temperature. For example, the aver sith 
voltage during a discharge at the 6.1 hour rate is practic! * 


the same whether the discharge is carried out at (°F oT! 
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ep and 's only slightly higher for a discharge of 80°F. 
ourse i the discharge rate were expressed in amperes, 
ofect of temperature would be quite different. 
yeause of the use of a large number of thin plates, the 
nal resistance of the cell is quite low and heavy currents 
he withdrawn without reducing the terminal voltage in 
ll excessively. In general, this resistance will be approxi- 
ely 0.001 ohm per cell of 100 amp-hr capacity at room 
erature and will be approximately 0.0015 ohm at 0°F. 
. electrical resistance, however, is not the only reason 
: the cell voltage is low during discharge. There is also 
aqually important effect due to the slow chemical reac- 
in the battery. This voltage is called polarization, and, 
veperal, acts like an additional electrical resistance. The 
terms are usually considered together and described as 
‘virtual resistance.” 
rhe nature of a polarization within the storage battery has 
» the subject of much speculation and some experimental 
:. In general, it is believed that the polarization in the 
tive plate is due primarily to the presence of lead sulfate 
»lution. The amount of lead sulfate in solution, in turn, 
ends on the relative rates of the electrochemical reaction 
vhich dissolved lead sulfate is produced by discharge and 
the crystallization rate of this lead sulfate. In the positive 
te the nature of the polarization has not been studied and 
: offers one of the main challenges to electrochemistry in 
ining a very important phase of storage battery opera- 
{a charged battery is allowed to stand idle for a period 
time before being discharged, the capacity declines as the 
¢ period increases. This is called self-discharge and may 
expressed in per cent loss or in terms of specific gravity 
». A new battery in good condition with a full charge 
ian electrolyte specific gravity of 1.280 will drop .030 
gr or 20 per cent capacity in a 30-day stand at 80°F. 
s loss is highly affected by temperature, the rate dou- 
ng for every 15°F rise in temperature. 
‘elf-discharge usually does not affect the capacity of an 
tomobile battery in the vehicle since the battery is not 
¢ for long periods. However, a battery in transit between 
e manufacturer and the ultimate user may be idle for 
eral months. During this idle period, the battery is given 
urge, at monthly intervals, or is kept fully charged by a 
ull charging unit which continuously supplies enough cur- 
at to offset the self-discharge rate. If an automobile battery 
sed oceasionally as a laboratory source of power, but is 
mally idle, the self-discharge rate is of considerable im- 
tance. It is advisable to charge the battery fully after 
ci period of use and to maintain the charged condition 
‘continuous low rate (trickle charge). The trickle rate 
wuld be sufficient to hold the cell voltage at a value of 
4) v. This will require about 0.07 amp/100 amp-hr of 
pacity 
The major portion of this self-discharge is due to the evolu- 
n of hydrogen by the negative plate, and this, in turn, 
ults primarily from the presence of a small amount of 
timony. During the process of manufacture of the battery, 
‘mall amount of corrosion oceurs on the positive grid; this 


eases antimony which is deposited on the sponge lead of 
# hegative plate. This antimony appears to accelerate the 
Hesse of hydrogen tremendously. 


As a buttery ages and more antimony is released by the 
sitive plate, the self-discharge of the negative plate in- 
tases 80 that for an older battery more frequent recharge 
leeessury., Where a storage battery is used in an auto- 
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mobile, this self-discharge is normally of very little impor- 
tance since the automobile generator has sufficient capacity 
and the automobile is used frequently enough to keep the 
battery charged. 

The life of a storage battery depends principally on the 
care it receives. A considerable number of automobile bat- 
teries have operated satisfactorily for periods of four or more 
years. Such a life is attained only when the battery is oper- 
ated at a moderate temperature, is kept fully charged, but is 
not overcharged. 

The charge of a battery in an automobile is controlled by 
the generator and a voltage regulator which rapidly return 
current to the battery after the engine is started. The voltage 
regulator will cut the charge current to a minimum as soon 
as the voltage of the battery reaches a value slightly greater 
than the open circuit value of a fully charged battery. If 
this regulator voltage is set too high, the battery will receive 
too much charge, will consume considerable water, will oper- 
ate at a high temperature, and will suffer premature failure 
due to grid corrosion. 

If the voltage regulator is set too low, or if the generator 
is inadequate for the load being drawn by the electrical equip- 
ment of the car, the battery will be undercharged. This is a 
serious problem for cars equipped with two-way radios, sirens, 
extra lights, etc., since such cars frequently cruise at low 
speeds or stand idle for a large fraction of their operating 
time. Under these conditions the battery gradually is dis- 
charged. Such a battery is described as “sulfated” and can 
often be brought back to operating condition by a long slow 
charge. 

The operating temperature of the battery gives additional 
troubles. 

When a battery becomes overheated, the voltage regulator 
no longer functions properly. A regulator setting which is 
perfectly adequate with a battery at 80°F is too high for a 
battery operating at 140°F and will result in a grossly over- 
charged battery. 

When a battery is operated at a subzero temperature, 
another trouble occurs. At a low temperature a battery no 
longer accepts a charge normally. Its voltage rises beyond 
the cut-off point of the regulator long before the battery is 
fully charged, and prolonged cold weather operation can 
result in a seriously undercharged battery. 

The charging of automobile batteries received renewed 
consideration several years ago with the development of the 
so-called quick chargers. These were transformers and recti- 
fiers capable of putting 50 to 100 amp into a battery. These 
permitted a battery to be partly recharged while still in the 
automobile and offer a quick emergency source of power. 
There was some question, however, as to whether they 
damage the battery. Further studies have indicated that so 
long as the charging is done without excessive temperature 
rise or excessive gassing, an occasional quick charge does 
not harm the battery. Where temperature rise is excessive 
or violent gassing occurs, it is obvious that the battery is 
not in a condition to take a charge normally and quick 
chargers can do extensive damage. . 

In automobile service, by far the most important cause of 
failure after a normal operating period is corrosion of the 
positive grid. The positive active material, lead peroxide, is 
in direct electrical contact with metallic lead of the grids 
and might be expected to produce very rapid self-discharge. 
Fortunately for the storage battery industry, the first step, 
occurring when such a positive plate is put on charge, is the 
formation of a thin layer of lead peroxide which allows the 
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free passage of electrical current between active material 
and grid, but almost stops the passage of electrolyte. 

The problem of grid corrosion in the positive plate is, 
therefore, to a large extent one of the properties of this lead 
peroxide film rather than metallurgical structure of the 
underlying metal. 

In certain types of service, particularly those in which the 
battery is given repeated deep discharges, failure occurs be- 
cause of the shedding or loss of positive active material. As 
the battery is given cycles of charge and discharge, particles 
of lead peroxide flake off from the positive plate and drop 
to the bottom of the battery. This loss of active material can 
be retarded by the use of a barrier of some sort, and for the 
automobile battery, a thin mat or sheet of glass fibers may 
be used. Such a glass mat also serves to protect separators 
under conditions where oxidation of wood separators would 
otherwise occur. 


Recent Developments 


During the past few years, considerable effort has been 
extended to improve the storage battery life. Several new 


Lead-Acid Motive Power and Carlighting Batteries 
H. C. Riggs' 


A motive-power battery is one which supplies power to 
move an electric vehicle. Motive-power batteries were first 
used in 1890 when there were battery-powered street cars, 
and by 1895 the first horseless carriage was powered by 
battery and motor. The first industrial truck appeared in 
1907 as developed by the Elwell Parker Electric Company to 
haul baggage for the Pennsylvania Railroad. From this begin- 
ning, industry has now reached the point where no company 
of any appreciable size can function in materials handling 
without power driven equipment. Likewise, there has been 
a steady increase in size of load to where there is now equip- 
ment that can lift a freight car. The total worth of the 
industrial and hand truck batteries in operation today is 
estimated to be close to $100,000,000. 

Motive-power batteries are generally construed to be those 
types designed especially for the operation of: 

Electric rider type of industrial trucks and tractors; 

Motorized industrial hand trucks; 

Storage battery locomotives and shuttle cars—mine loco- 
motives and shuttle cars, industrial and railway switch- 
ing locomotives; 

Electric power sweepers ; 

Electric street trucks; 

Electric passenger cars; and 

Storage battery cars. 

For instance, a rider type of industrial truck must have a 
source of peak power for acceleration during both lifting and 
running, as well as the ability to withstand daily deep dis- 
charging and subsequent charging. During such cycles there 


is a tendency for the positive active material, the lead per- . 


oxide, to become detached from the surface of the plate and 
fall to the bottom of the jar. In motive-power batteries 
this loss of active material is retarded by the use of a barrier 
which holds the active material in contact with the con- 
ducting members during the long cycle life with its attendant 


‘The Electric Storage Battery Company, Philadelphia, 
Pennsylvania. 
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separators have been developed, two new alloy, 
been put on the market, and there has been a concerta : 
toward the adoption of a lower specific gravity of yif 
the cells. Reducing the acid gravity from 1.285~1.39 4 
to 1.260 has reduced the battery capacity slig)itly, y 
resulted in a better sustained capacity during the life 
battery and a reduced rate of grid corrosion. These chy 
are too recent to have been noticed in average batter 
formance, but it is anticipated that during the ney 
years a considerable increase in battery life will be y, 
From this can be seen that the automobile storage by 
is a special-purpose battery designed to deliver large an 
of power at a low temperature from a small package | 
also the least expensive storage battery availabie and 
therefore, be used wherever a storage battery is , 
either to deliver large amounts of power for a short 
or where space or weight is important. If initial cost \ 
important and an extremely long life or the absolute 1 
mum in power output is needed, then some other ty 
battery may be superior. 


ne plate 
pacity ( 


shocks, vibration, and possible abuse. There are two m 
methods of retaining positive active material: the sit 
tubular construction and the more recent use of a glass 
mat next to the active material, and by a perforated 4 
of inert material in combination with a heavy grow 
separator. 

A second design feature of the motive-power battery #1 
use of a positive plate grid structure sufficiently strong, ¢ 


Fia. 1. Typical battery of the 12-volt unit 


trically conductive, and corrosion resistant to withstant ! 
action of sulfuric acid and a strong oxidizing environ! 
for five or more years. For strength and corrosion resists! 


the grid alloy is carefully chosen and, generally, the (e 

is either with heavy core rods for the tubular type plate Deis 

heavy lattice grid structure for that type using glass " a 
The negative plates for these batteries are, of 0! ial 


sufficiently thick and durable to match the positives. ' 
do not require the specialized construction. 
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loys MMe plate- and separators are assembled in the cells with 
rted 0! 100 to 2800 amp-hr. 
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Fic. 2. Typical battery of the 36-volt unit 
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3 fil Depen ling upon the type of vehicle it is used with, a bat- 
cou ™2) consist of from 3 to 240 cells, frequently made up 
as, | ‘ingle cells in their individual thin-walled rubber contain- 


‘and then assembled in either a wood or steel tray such 
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that the entire battery may be handled and connected as a 
unit. Typical batteries are represented by the 12-volt unit 
shown in Fig. 1 and the 36-volt unit shown in Fig. 2. 

The batteries represented by Fig. 1 and 2 give perform- 
ances varying with the time of discharge. Fig. 3 shows that 
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Fic. 5. Type MVM Exide-Ironclad initial, average, and 
final volts at various discharge rates. 


TABLE I. Motions made by truck in replacing loaded skid with 
empty at a machine 


1. Stops nearby with empty skid; 2. lowers empty to floor; 
3. backs 10 ft without load; 4. stops; 5. goes forward 10 ft 
without load; 6. stops under loaded skid at machine; 7. lifts 
loaded skid; 8. backs 10 ft with loaded skid; 9. stops; 10. lowers 
loaded skid to floor; 11. backs 10 ft without load; 12. goes 
forward 10 ft without load; 13. stops under empty skid; 14. lifts 
empty skid; 15. goes forward 10 ft with empty skid; 16. stops; 
17. lowers empty at machine; 18. backs 10 ft without load; 
19. stops; 20. goes forward 10 ft without load; 21. stops under 
loaded skid; and 22. lifts loaded skid. 


Peak off scale — estimated 580 Amp —> 
266.8 
7 200.1 


Fic. 6. Recording of a typical run of a 6000-lb industrial 
truck using a 500-amp-hr battery to raise a 4600-lb load off the 
floor, tilt the load, and then travel 100 ft. 


power output increases with the shortening of the discharge 
time. The pounds per cubic foot vary from 135 for the 
12 volt to 165 for the 36 volt. Just as the watt-hours vary 
with discharge time, so, too, its component voltage varies 
with discharge time as in Fig. 4. Voltage also varies with 
rate of discharge and is shown in Fig. 5. 
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These discharge voltages and capacity ratings are not the 
entire story, however. They are measured during a constant 
current discharge, while, in actual use, the discharge is inter- 
mittent. Consider, for instance, the operation of an electric 
truck which goes to a machine and replaces a loaded skid 
with an empty at the side of the machine. Table I gives a 
breakdown of the operations for such a typical trip. Here 
we have 22 separate operations required to replace a single 
skid. A working day may consist of 100 to 200 such sequences 
of operation. 

During « single operation of picking up a loaded skid and 
moving it to a new location, the current demand is shown in 
Fig. 6. Reading from right to left, there is first, a peak in 
starting the motor. Then there is a second peak in which the 


Se tember I 


load is lifted. Then a lower peak in which the fork jg ; 
back and finally, an extremely high peak in wh ich the tr 
is started, the entire sequence of operations tak ing leg 
20 sec. Here again it is observed that the battery must sy, 
current in relatively high peaks with some rest periods 
between, but that the entire day’s operations shoul 
classed as stop-and-go driving. 

For this type of service, with its frequent starts and y 
and its high peak power demand, the requirements 
(a) Instant starting; (6) high acceleration; and (c) suffig 
stored energy for one shift operation. 

In meeting these demands, the motive-power batter 
made an excellent reputation for low cost reliable lone. 
service. 


Lead-Acid Stationary Batteries' 
Upton B. Thomas* 


Introduction 


Stationary batteries, as the name implies, are intended for 
use in a permanent location. The average driver familiar 
with his automobile battery may not be aware of the many 
other uses for storage batteries in our complex electrical 
civilization. Although by far the largest part of the electrical 
energy we use is derived from alternating current generators 
driven by steam or hydroelectric plants, the proper distribu- 
tion and control of the vast network which distributes this 
power depends on switches, alarms, circuit breakers, and 
other battery-operated equipment. The signaling, switching, 
track control, and communication systems of our railroads 
are kept at a high level of dependability by the batteries 
which power them. 

Despite the fact that commercial power failures are less 
frequent and less severe than used to be the case, they still 
occur. Important equipment such as fire- and burglar-alarm 
systems, must be provided with emergency battery power. 
The nation’s telephone equipment must continue to function 
during storms or floods which may cut off central offices and 
repeater stations from their primary power sources. Public 
buildings and hospitals are required by law to have emer- 
gency lighting equipment. Batteries provide power at loca- 
tions remote from regular power lines for farm lighting, elec- 
tric fences, and also for operating radio and other communica- 
tion systems. 

All these and many other uses add up to an annual demand 
in this country for ten to fifteen million dollars worth of 
stationary batteries; the individual cells which make them 
up may vary in capacity from 4 to 7000 amp-hr or even 
larger. 

Design Principles 


Stationary batteries do not need the mechanical rugged- 
ness of portable types and their applications do not usually 
require the high-current output at low temperatures needed 
for engine starting. Consequently, in their design, it is pos- 
sible to concentrate on long life, stable characteristics, low 
self-discharge rates, and high efficiency. Light weight and 
low first cost can be sacrificed to obtain better over-all per- 
formance and lower cost per year of life. These considerations 


' Nickel-alkaline batteries are also used in stationary serv- 
ice but these are described in another article in this issue (pp. 
244(). 


? Bell Telephone Laboratories, Murray Hill, New Jersey. 


generally lead to the use of relatively thick plates and 

gravity acid; glass or plastic jars which would be unsuitg 
for portable batteries can be used. Early stationary batt 
employed open tanks but these are being replaced by | 
teries of sealed-jar construction. 


Types of Construction 


Perhaps 80 per cent of all stationary batteries now be 
made in this country are of conventional pasted-plate 
struction for both positive and negative plates. This type 
economical of weight and space and less expensive in | 
cost than the other types. However, two to three mi 
dollars worth of stationary batteries using special types 
positive plates in combination with pasted negatives 
currently being produced per year in the United State 

The pasted plates used in stationary batteries, whil 


basically different from those used in portable batteries, ¢ 


generally thicker. The design of the positive grids, how: 
may be considerably modified for stationary use. The 
design usually provides for strengthening the grid by incr 
ing the cross section of some or all of the cross-mem 
Fig. 1 illustrates several of the types of positive grid 
rently being used. 

Certain methods of operation permit the use of sy 
grid alloys. For example, telephone batteries for float 


service use an alloy in which the lead is hardened with 0.06 


0.085 per cent calcium in place of the usual 6-12 per « 


antimony. Calcium alloy grids provide a battery with lov 


self-discharge and longer positive-grid life. 


Special “Low Discharge” cells using thick pasted pl! 
with pure lead grids are used for stationary applicati 


where large currents are not needed. These are describe 
a separate article (p. 243). 


In addition to the batteries with pasted positive pl! 
described above, three other types are made in this cout! 


which employ positive plates of special construction. * 


positives are called Planté, “Manchester,” or “Troneil 


plates. 


In the Planté plate the active material is derived !™ 
the metal of the plate itself. For the spun-type plate, 4 )" 
lead blank is cast and its surface deeply grooved to inert 
the exposed area. The grooved plate is treated electro!!' 
cally to convert its surface to lead dioxide. This type of 


struction is illustrated in Fig. 2. 


The “Manchester” positive is a variation on the si 
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Fic. 1. Positive grids used for stationary batteries 


Fig. 2. Spun Planté positive plate, 
showing grooved surface. 


anté. This plate has a lead-antimony alloy grid furnished 
‘ith a number of circular openings into which are forced 
“buttons” made from soft lead ribbon corrugated and rolled 
pirally. The assembled plate is electrolyzed to convert the 
irface of the pure lead to PbO,. This process forms a much 
thinner layer of the dioxide on the alloy grid. A ‘‘Man- 
riester” positive plate is shown in Fig. 3. 

The long life of Planté positive plates results from the 
basis of soft lead underlying the active material. As dioxide 
s lost during the use of the battery, fresh lead is uncovered 
and converted into additional active material. The excess 
ead present in a new plate, however, does make such plates 
heavier than pasted plates of similar capacity. 

The “Ironclad” positive, shown in Fig. 4, is of a totally 
different construction. The basic unit of the plate is a narrow 
ertical cylinder consisting of a hard rubber tube enclosing 
the active material which is firmly packed around a central 
ore of lead-antimony alloy. Access to the electrolyte is pro- 
ded by a large number of fine horizontal slots cut in the 
ard rubber tubes. The tubes are held together and electrical 
onductivity is provided by a grid which includes the alloy 
ores and horizontal members which tie them together. Al- 
though the “Ironelad”’ plate is primarily designed for heavy- 
luty portable batteries, it is used to some extent for sta- 
tionary cells, 


Fic. 3. ‘‘“Manchester’’ positive plate with details of construction 


Separators 


The separators used in stationary batteries may be of wood 
or microporous hard rubber. A new plastic material with 
properties similar to those of microporous rubber has recently 
been developed and will undoubtedly find wide use in long- 
life batteries. 

Grooved separators are used with “Manchester,” Planté, 
and pasted positives, sometimes in conjunction with retainers 
for holding the positive active material in place. The retainer 
consists of a perforated or slotted sheet of hard rubber, poly- 
styrene, or other plastic. A mat of glass fiber is sometimes 
used between the retainer and the surface of the plate. “TIron- 
clad” batteries use ungrooved separators, since the plate con- 
struction provides acid space next to the positive plate. 


Electrolyte 


Almost all stationary batteries use low-gravity electrolyte 
of 1.200—1.225 sp gr. This requires a larger volume than high- 
gravity acid, but reduces the rate of self-discharge. 


Jars 


Jars for stationary batteries may be made of hard rubber, 
glass, or plastic. Cells larger than 180-amp-hr capacity are 
usually in individual jars, while the smaller sizes may be 
made in 2- or 3-cell units. 
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Fig. 4. “‘Ironclad”’ positive plate and an enlarged cutaway 
view showing construction of a tube. 
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Fia. 5. The effect of discharge current on average voltage 
and amp-hr output at 77°F to 1.75 volts per cell. 
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Fia. 6. Output of a 1680-amp-hr cell at 77°F to an end volt- 
age of 1.75 volts as a function of discharge time. 


Hard-rubber jars are rugged and easily made in large sizes 
but have the disadvantage of being opaque. This makes it 
impossible to inspect the condition of the cell or to observe 
readily the electrolyte level. The latter difficulty can be cir- 
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cumvented by the use of a plastic or hollow glas« float yj 
extends above the cover. 


Glass jars are widely used with either glass or hard-ry}) ul en 
covers but are gradually being replaced, particularly jy , - 

smaller sizes, by jars molded from heat-resistant jolystyr., - 
This plastic is now being used to make jars for batt. Paste 

ranging from 4 to 660 amp-hr in capacity. | . 

Explosion-proof Vents 4 

Cells of 50 amp-hr and larger used for telephone service , « 
provided with special venting systems to eliminate the “Mai 
bility of accidental explosion of the hydrogen and oxy.qm P19” 
given off during charge. If a spark or flame from an exter “Tro 
source reaches an accumulation of these gases in the sp, sculls 


between the surface of the electrolyte and the cover of 
cell, an explosion may occur which can break either the 
or the cover. Two different systems are used to prevent ti 
One uses an inverted funnel to collect the gases below ¢! 
surface of the electrolyte and vent them so that th. oj 
place an explosive mixture can exist is in the neck of 
funnel. An explosion of this small volume is harmless. 1) c 

other method uses a principle similar to that of the Davagme'¢ ! 
Safety Lamp. Gases leave the cell through a porous ceran ~ 
vent, which prevents the entrance of any spark or flame | ” 

the space inside. Both types of cells use filling funnels extend, 


Manch 
ing below the surface of the acid so that water may be addef..té 
or hydrometer readings taken without removing the ventalij;oncl: 


Battery Characteristics 


The capacity of stationary batteries is usually specified }) 
giving the number of amp-hr which can be delivered duri 
an 8-hour discharge to an end voltage of 1.75 volts per ce 
at an initial electrolyte temperature of 77°F. This is calle 
the rated capacity and the performance under other cond 
tions may conveniently be referred to this standard cond 
tion. 

For certain special types of application, however, batters 
are chosen on the basis of ratings other than the 8-hour on 
For example, batteries for switch gear or circuit-breaker 
operation are selected on the basis of the one-minute rate t 
1.75 volts per cell and the selection of emergency lighting 
batteries is usually based on the three-hour rate. 

The performance of a battery is a function of the temper: 
ture and the current. In comparing cel's of different sizes it 
is often useful to specify not the current but the dischary 
time to a given end voltage. Stationary batteries are rare 
used at discharge rates greater than the 1-hour rate, ie 
the current which would discharge the battery in 1 how 
Occasionally, however, larger currents will be drawn for ver 
brief periods, as for example in operating switches or circu] 
breakers. The larger the steady current drawn, the smaller 
the number of ampere-hours available to a given end voltag 
and the lower the average voltage as illustrated in Fg. ' 
The available capacity is also a function of discharge tet 
perature. For example, a cell giving 100 amp-hr at the 8-how 
rate at 77°F will give 86 amp-hr at 50°F and 109 amp"! 2 


at 10°F. 
Fig. 6 shows how the output in watts per pound and watt I 
hours per pound varies with the required discharge time. The 


curves are based on the performance of a telephone battery Hat 
of 1680-amp-hr rated capacity having pasted plates and : 
hard-rubber jar. Other sizes and types have similar curve 
and these can be calculated approximately from Fig. 6 4" 
the data in Table I. 
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TABLE I. Output per unit volume and weight of various types and sizes of stationary batteries 


ill cells with pasted negative plates, 1.200-1.225 sp gr electrolyte, discharged to 1.75 volts at 77°F at the 8-hour rate. 


Positive plate Jar 8-hr capacity, amp-hr 
Pasted Hard Rubber (2) 4070-6900 

“ (2) 840-1680 

«“ (2) 240-660 

“ Glass 608-1064 

“ (3) 100 

“ Plastic (3) 100 
“Manchester” Glass 560-960 
Planté “ 480-800 
“Tronelad”’ Hard Rubber 750-1000 


ee (1), Watts/lb at 8-hr rate Watts/ft? at 8-hr rate 

123-126 0 .86-0.87 106-110 
133-137 0.89-0.97 118-133 
118-123 0.79-0.88 93-108 
151-154 0.80-0.89 121-137 

130 0.87 113 

118 1.23 145 
170-174 0.65-0.71 111-123 
127-131 0.54-0.61 68-80 
118-119 0.97-1.00 115-116 


Norms (1) Volume is calculated as the product of the over-all height, length, and width. 


(2) With explosion-proof vent. 
(3) 3-cell unit. 


TABLE II 

Type of cell Life on float Life in cycle service 
plate, lead-antimony 
sted plate, lead-calcium 
25 yr (est.) | not determined 
Manchester”’ positives...... 25 yr 10-14 yr 
lanté positives............. 25 yr 10-14 yr 
jronclad’”’ positives.........| yr 6-8 yr 

Self-Discharge 


All storage batteries lose some of their capacity while 
sanding idle because of a slow reaction between the sponge 
ai of the negative plate and the electrolyte. The rate de- 
ads on temperature, the age of the cell, and on the mate- 
als used in the cell. Standard types of stationary batteries 
th pasted plates and lead-antimony alloy grids lose ap- 


proximately 30 per cent of their capacity per month at 77°F. 
This rate changes by a factor of about two for each 15°F 
change in temperature. Thus at 92°F the rate is 60 per cent 
per month and at 62°F only 15 per cent per month. Cells with 
pure lead plates or lead-calcium alloy grids have self-dis- 
charge rates only about 4¢ as great as that of cells with lead- 
antimony grids. 


Cell Life 


The service life of stationary cells depends on the service 
conditions and on the construction of the cells. The longest 
life is obtained when the cells are “floated,” that is they are 
continuously charged at a rate just slightly greater than that 
required to overcome self-discharge. Such cells are only in- 
frequently discharged. Cycle service in which the cells are 
regularly charged and discharged gives shorter life. In any 
kind of service the life will depend on the temperature and 
the quality of maintenance. Table II gives some estimated 
figures for life under ordinary conditions. 


Plastic Container-Electrolyte Retaining Lead-Acid Storage Batteries 
C. H. Endress' and C. C. Rose' 


lead-acid storage batteries have certain inherent advan- 
es as a portable or stand-by power source, in respect to 
ch voltage, high rate, and low temperature capacity, re- 
hargeability, ete., which make them desirable for many ap- 
cations other than automobile starting and lighting and 
milar heavy-duty service. 

Their application to these various devices and services has 
een hindered somewhat by the old hackneyed design of 
eavy rubber or asphalt composition containers, wood or 
ibber separators, acid leakage or spillage, and other prob- 
ems of proper maintenance of an element which cannot be 
en, and the state of charge of which is not evident. 

All of these objectionable features have been eliminated 
in the plastic container-electrolyte retaining (ER) batteries. 
In general, either polystyrene or Bakelite C-11 plastic is 
used for injection molding of covers and containers. These 
materials are light in weight, comparatively strong in thin 
ections, can be molded easily and rapidly in rather compli- 
tated designs within close tolerances, and are completely 
icid-resisting for this purpose. Design has varied widely, 


‘Willard Storage Battery Company, Cleveland, Ohio. 


many being for specific applications, but in general it will 
include an acid well in the cover as part of the nonspill feature 
and gravity-indicator ball cage either in the cover or the 
container as the space arrangement may require. Because the 
plastic container is completely transparent, electrolyte level 
is clearly indicated at all times and state of charge likewise 
may be determined by gravity balls chosen to float at full 
or half charge and to sink at complete discharge. Single or 
multiple cell units may be molded in an almost infinite range 
of sizes and still further combinations may be built up for 
specific applications by the simple expedient of joining indi- 
vidual celis or units with polystyrene cement. Covers are 
easily and permanently bonded to containers after assembly 
in the same manner with polystyrene cement, assuring com- 
plete freedom from acid leakage. 

The electrolyte in these cells is immobilized by the use of 
Fibrite insulators which absorb at least 90 per cent of the 
free liquid. Fibrite is a firm but soft sheet of treated redwood 
bark fibers made by standard paper-making process to re- 
quired thickness and density, with low electrolytic resistance 
and good acid stability. It is made in several different thick- 
nesses depending upon the design and purpose of the cell in 
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question. In those cells used at normal rates and tempera- 
tures and with plates of standard thickness, the insulation 
will last the life of the plates, up to 300 cycles. Fibrite is 
not suitable for automotive batteries. 

One of the first and probably the smallest of these batteries 
is the Radiosonde unit. The “B” unit of this battery is 18 
cell, i.e., 36 v in a container 37{¢ in. x 17%{¢ in. x 2%» in. and 
delivers .027 amp for 220 min to 31.5 v at 80°F or for 75 
min at —40°F. 

There are 40 or more of these special application miscel- 
laneous types and designs in sizes up to 40 amp-hr/cell 
(Fig. 1). These vary widely in the matter of plates per cell, 
thickness, and size of grids used, (.040 in—.140 in.), and 
Fibrite thickness, depending upon the type of service re- 
quired. Some of these are intended for maximum capacity 


Fic. 1. Typical storage batteries of the electrolyte retain 
ng type. 


Fig. 2. X-line plastic container ER batteries standardized 
for Signal Corps use. 


one-shot applications and others for more extended life in 
cycling service. ' 

In addition to this, there is a more standardized line of 
these cells designed specifically for The Squier Laboratory of 
the Signal Corps Engineering Laboratories, Fort Monmouth, 
New Jersey (Fig. 2). Capacity varies from 2.5 to 60 amp- 
hr/cell in eight container sizes designed to dimensions ap- 
proximately 2 x 3 x 5 ratio. Because of this standardized 
design the capacity curves of the different sizes are very 
similar at the various rates and temperatures. Based on per 
cent of 20-hour capacity at 80°F these curves are accurate 
within 5 per cent (Fig. 3). 

In most respects these ER batteries behave much as other 
lead-acid batteries. Some slight increase in active material 
to grid ratio may be obtained in some designs where high 
capacity is more important than long life. Acid-to-active 
material ratio is normal and full-charge gravity generally is 


normal] 1.285. Their chief feature, of course, is he Ce 

volume and weight per ampere-hour by virtue «/ the vl otograp 

container and cover (Fig. 4). is, and 
They may be discharged at high rates without harm, | 

must be recharged at low rates because of restricted , 


Temperature °F 


A vies, W 
22 my 
ength a 
it 
+44 tial 0) 
= ight, 
fest rat 
prox! 
volt 
of d 
1.95 v 
p-hr 
300 
att-he 
hargit 
Rate of discharge as per cent of 80°F Approx 
20 hr discharge rate tim 
Fig. 3. Current output of electrolyte retaining batteries Mp! 
gra 
fe] 
5 watt 
a 
a aaa 
5 
3 
| 
2 
6 ATTS 
a 
Ss 5 10 20 


DISCHARGE TIME IN HouRs LD ¢ 


Fic. 4. Typical power output of plastic case ER batteries 


steac 
circulation. It is important to maintain electrolyte level 
water and as always not allow them to stand discharge Tl 
They self-discharge at about the normal rate of 1 per celgj}rte 
per day except when special grid alloys are used; then ths ‘' 


rate may be decreased about one-third. 


5 
3 
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Saving such cel! are being used in portable radios, hand lanterns, may be used in any portable power application in place of 

he Dla stograp!i¢ flash units, telemetering devices, guided mis- dry cells, where good high-rate capacity, high voltage, and 
“B®. and numerous other military applications. In fact they rechargeability offer definite economic advantages. 

arm, |} 
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Low Discharge Cells 
C. C. Rose' and A. C. Zachlin' 


low Discharge, i.e., charge-retaining lead-acid storage bat- + 
vies, were introduced in 1933 (1) and, judging from a ° 
TABLE I. General data on “LD” cells : 
‘DA2-1 DD+5-1 DH-5-1 3 
and width........ 244in.x 54% in. x in. x 3 
26 in. 746 in. in. 3 
tial open-cireuit volts. . 2.14 2.14 2.14 : 
RP aS 314 26 58 Fig. 2. Discharge voltage of a DD-5-1 cell at .500 amp at 
trate—amp.......... 0.100 0.500 1.00 80°F. 


proximate average 


voltage at test rate o- 
of discharge to: 
195 veutoff........... 2.05 2.05 2.05 
1S 1.97 1.97 1.97 
mp-hr capacity to: 2 
19 vcutoff........ 26 200 540 
LS v cutoff 30 220 600 “20+ 
att-hourtol8v..... 59 433 1180 | | ! 
ntinuous discharge Fic. 3. Recharge voltage of a DD-5-1 cell at the 7.5 amp rate 
rates, AMP... ..... 0.015 0.075 0.250 at room temperature. Recharge begun on an overdischarged 
aATERG FACS, OEP... ... 1.0 5.0 10 cell with initial sp gr 1.022, final sp gr 1.300. 
\pproximate charging 
ories Aa! charge specific 
4 
tt tty 


= TIME IN HOURS 


20 RATE IN AMPERES 


Fig. |. Relation between capacity and rate of discharge of 


' LD cells at 80°F to cutoff voltage of 1.80 v/cell. 
ries 


‘teadily increasing demand, have found many fields of useful 
With application. 

These cells are characterized, as the name implies, by a low 
tite of self-discharge, achieved mainly by the use of pure 


‘Willard Storage Battery Company, Cleveland, Ohio. 


= 
ee Fic. 4. Construction features of a DH-5-1 cell : 
ad 
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lead for grids in place of antimony-lead alloys normally 
used. The more common type of lead-acid batteries are made 
with grids containing 6-11 per cent antimony in the grid 
alloy. This causes the major handicap to the use of such cells 
in many applications because of their self-discharge, which 
amounts to approximately 1 per cent per day at 80°F (2). 

Low Discharge (LD) cells lose not more than 15 per cent 
of their capacity per year. This is achieved by the use of 
pure lead grids which, in turn, influenced the design of these 
grids to the so-called mass type. Because they are made of 


Fia. 5. Low Discharge cells. [The ruler is 18 in. (46 em) long.] 


pure lead, they are difficult to cast and handle. Because of 
the very nature of their use, the multiple plate construction 
required to provide high rates is not necessary. Plates, there- 
fore, are from approximately 5¢ in. to 1 in. thick and number 
from 2 to 5 per cell, even in the 600 amp-hr (Fig. 4 and 5). 

These cells were intended to serve as a source of power 
over long periods of time, and, therefore, at comparatively 
low rates of discharge. The design also involves a high ratio 
of active material to grid weight (1.75) compared to standard 
S.L.I. design (1.30). A high utilization of active material is 
attained by an ample acid supply. 
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Another result of operating at low rates of dischar, 
the steady voltage which these cells deliver, ani! whic), 
clines at extremely low rates. 

Low rates, however, are not the exclusive field of appli 
tions for these cells, for they may be discharged at any yy 
for correspondingly shorter time during which their volty 
remains above the service requirement. No harm rej 
from such use of these cells. 

As a result of these characteristics, the LD cells haye {oy 
numerous applications. They are used chiefly as isola 
sources of power in buoys, channel markers, railway sign, 
highway warnings, telephone and telegraph service, fire. 
burglar-alarm systems of both open- and closed-circuit type 
range lights, aviation field markers and beacons, oil cir 
breakers, electric fences, etc. They are ideally suited 
source of power for various types of instruments both 4 
industrial and laboratory service, especially in potention 
ters of indicating, recording, and controlling types. 

It is general practice to use a size which will serve a peri 
of six months to one year between recharges, and, in gene 
to recharge the cells once per year. This helps preserve ¢/ 
cells in good health. Life is good in respect to time of ser 
under these conditions, 10 to 20 cycles being expected 4 
pending upon the frequency and care of recharges. 

There are three types of plates designed for the DA, [| 
and DH types of cells. The DA plates are used in only « 
30 amp-hr two-plate cell. The DD plates are used in || 
amp-hr and 220 amp-hr three-cell batteries and a 220 amp 
two-volt cell, and the DH plates are used in 600 amp-\ 
cells of two designs, one which has a deeper container an 
uses a special nonspill vent plug for buoy service. 

Pertinent data are given in Table I. Electrical characte 
istics are given in capacity graphs and discharge and recharg 
curves, (Fig. 1, 2, and 3) and the general construction 
shown in the photographs (Fig. 4 and 5). 
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The Edison Nickel-Iron-Alkaline Cell 
Fayette C. Anderson' 


Historical 


Approximately 40 years after the invention of the first 
practical storage battery by Planté, a patent was issued to 
Thomas A. Edison for a secondary cell with a nickel-iron 
couple in an alkaline electrolyte. The positive active mass 
of this cell consisted of oxides of nickel mixed with graphite 
and the negative active mass was a mixture of iron and iron 
oxide, also with graphite. These materials were enclosed in 
rectangular pockets made from thin, perforated sheet steel, 
which were attached to steel frames to form the positive 
and negative electrodes, respectively. The cell made by as- 
sembling these electrodes into a welded steel container, with 
an electrolyte consisting of an aqueous solution of potassium 
hydroxide, was known as the type “E”’ cell. 

This type of cell was found to have certain structural weak- 


! Thomas A. Edison, Inc., Storage Battery Division, West 
Orange, New Jersey. 


nesses which caused its withdrawal from the market in | 
Chief among these was the difficulty of maintaining th 
dimensional stability of the positive elements because of t! 
volumetric changes which take place during the charge «4 
discharge reactions. During the four years following | 
these problems were given intensive study, and one by om 
they were solved. In 1908 the Edison cell with a tubuli 


type positive, and essentially in its present form, was ont? 


again offered for commercial application. 


Construction 


The positive plates of the present-day Edison cell are mate 
by clamping into a nickel-plated sheet-steel framework the 
tubes which contain the nickel oxide active ater 
These tubes are formed of perforated nickel-plated steel "” 
bon spirally wound on mandrels, and have locked seal 
They are \% in. in diameter and are made in severa! lengt!s 
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\arge ME, to 4 inches. Each tube is reinforced by the addition of 

lich ht eqully-spaced seamless steel rings. The active mate- 
is introduced in small amounts and is tamped into place 


\Dpligflm: g pressure of 2000 Ib /in.? Between the 300 layers of nickel- 
ny rll: hydroxide in each 4-in. tube are thinner layers of pure 
Volt ‘sel flakes to give improved conductivity. These tubes have 
result ;-hour rated capacity of 1.25 amp-hr and positive plates 
rated in multiples of this value in accordance with the 
mber of tubes they contain. Thus the “B” type plate with 
‘tubes has a normal rating of 18.75 amp-hr; the “D” type 
wte with 60 tubes has a rating of 75 amp-hr. 

The negative active material of the present Edison cell 
yains essentially a mixture of finely divided ferrous oxide 
Circyfii| metallic iron. Since the volumetric changes of the nega- 
ited Mv active mass during cycling are insignificant it is feasible 
oth (@M, use rectangular pockets, formed of perforated and nickel- 
ition sted steel ribbon, to contain this material. These pockets, 
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Fie. 1. Cutaway view of Edison cell with sectional views of 
pocket and a tube. 


ion oc about 4 in. wide x 2% in. long, are pressed into openings 
ina sheet-steel frame to make negative plates with capacities 
¢ tha © match those of the positives. 

complete nickel-iron-alkaline cell contains one more 
ine Desative than positive plate. Each plate group is assembled 
by bolting the selected number of elements to a steel pole, 
ula “2 base of the pole forming one of the separating members, 
Spacers. After intermeshing these groups, the adjacent 
positive and negative plates are insulated from each other by 
vertical hard-rubber pins, or rods, running their entire length. 
The edges of the plates are insulated from the bottom and 
‘rom the sides of the container by grooved hard-rubber 
ames called grid separators. 

The poles are tapered to fit the lugs of the intercell and 
intertray connectors, The connector lugs are steel forgings 
bored to fit the taper on the pole pieces and are swaged to 
heavy copper connecting links. The container is made of 
tickel-plated steel with all seams welded. Details of the 
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construction and assembly are clearly indicated in the cut- 
away view shown as Fig. 1. 


Electrochemical Reactions 


The electrolyte of the Edison cell consists of an aqueous 
21 per cent solution of potassium hydroxide to which has 
been added a small amount of lithium hydroxide. 

It does not at any stage cause a disintegration or solution 
of the active materials. The normal density of the electro- 
lyte in a new cell is about 1.21. 

The exact mechanism of the electrode reactions is highly 
complex. During the passage of current through the cell in 
the direction of charge, the process at the negative or ferrous 
oxide electrode is the cathodic reduction of the ferrous oxide 
to metallic iron. The reaction at the positive or nickel-oxide 
electrode is the anodic oxidation of nickelous oxide to a higher 
oxide of nickel. On discharge, the reverse reactions take place 
with the production of useful electrical energy; the metallic 
iron (negative active material) is oxidized to ferrous oxide, 
and at the positive electrode the higher oxide of nickel is 
reduced to nickelous oxide. The electrolyte serves merely 
as a channel through which oxygen (or hydroxyl groups) are 
transferred to or from the electrodes. There is no significant 
difference in electrolyte concentration between the charged 
and discharged states, since concentration changes at one 
electrode are balanced (for all practical purposes) by op- 
posing equivalent changes at the other electrode. 


Battery Assembly 


Edison cells are manufactured in a wide range of sizes 

and watt-hour capacities, all of which retain the basic design 
and construction features that were previously described. 
Different plate sizes and capacities are obtained by varying 
the number of tubes and pockets assembled, respectively, 
into the positive and negative grids. These plates are then 
combined in the desired numbers to obtain cells with watt- 
hour ratings from 13.5 to 1080. 
' Cells are assembled into batteries as needed to meet the 
voltage requirements of the equipment to be operated. For 
ease of handling, a group of cells is assembled into a painted 
hardwood tray by covering the suspension bosses with hard- 
rubber buttons which are then fitted into recesses provided 
in the tray slats or sides. This method of individually sup- 
porting the cells provides air spaces on all sides and ade- 
quately insulates the cells from each other. 

In motive-power services, trays of cells are frequently as- 
sembled as a battery into a suitably fabricated steel cradle 
or box and provided with a polarized disconnecting plug so 
that the battery may be removed from the vehicle for charg- 
ing. This makes it possible for an alternate battery to provide 
power for the vehicle thus keeping it in service for two or 
more shifts. 


Operating Characteristics 


Edison nickel-iron-alkaline cells are given a range of ratings 
to meet the requirements of their various applications. To 
serve as a reference point, however, the normal capacity 
rating arbitrarily assigned by the manufacturer, is based on 
the 5-hour discharge rate, and the normal charge consists of 
a 7-hour charge at the same rate. Other rates and periods of 
charge are possible but the normal charge is used as the 
standard whenever ratings are to be established or tests are 
to be conducted. It is a characteristic of Edison cells to de- 
velop at least 10 per cent more than the normal capacity 
rating to 1.0 volt at the 5-hour rate, within a short time after 
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they are installed in cycle services. Thus the amp-hr efficiency 
is about 80 per cent when based on a full charge and dis- 
charge but will run appreciably higher for partial cycles. 

The cell voltages measured during a typical charge and 
discharge at normal rate and at room temperature are shown 
on the graph of Fig. 3. From these curves it will be noted 
that the average voltage over the discharge period is approxi- 
mately 1.2 volts, and the average charge voltage is about 
1.69 volts. 

Characteristic discharge voltage curves for rates higher and 
lower than the normal value are shown in Fig. 4. These 
results illustrate the fact that practically full-rated capacity 


Fig. 2. Typical battery assembly (Cradle) 


CHARGE AND DISCHARGE VOLTAGE, 5-HOUR RATE 
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TIME OF CHARGE OR DISCHARGE - HOURS 


Fria. 3. Cell volts and temperatures during charge and dis- 
charge. 


can be obtained at rates up to several times the normal value 
because it is not necessary to impose a limit to the final 
voltage in order to avoid possible injury. In fact, the cells 
may be discharged to zero voltage without damage and acci- 
dental short-circuiting or charging in the reverse direction 
will not harm the elements. 

The Edison nickel-iron-alkaline cell can be charged by any 
of the methods that are in common use. Representative cell 
voltages for a constant current charge were previously dis- 
cussed and are shown in Fig. 3. Since this method requires 
frequent manual adjustment or elaborate automatic control 
equipment, the more common method for charging batteries 
in industrial services is that known as modified constant po- 
tential, or taper current charging. With this method, a fixed 
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and permanent resistance is inserted in series w th the ba 
tery, and no adjustments are made during charg... 4 seco 
advantage is that this method lends itself to prac: cally autj 
matie charging since the charge can be termin: ted wit] 
timer or amp-hr meter. The charging line must be capa 
of supplying a more or less constant bus voltage of at leg 
1.84 volts per cell, but higher voltages are more common 
used. The higher the bus voltage, the smaller will be F 
taper of the charging rate and the more closely will jt , 
proach the straight constant current method as a \imit. Th 
means that there will be less spread between the initial y 


DISGHARGE VOLTAGE AFTER 7-HOUR NORMAL 
RATE CHARGE 100 AMPERE-HOUR CELL~ ROOM TEMP 
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Fic. 4. Cell voltages at various discharge rates 


RETENTION OF CHARGE 
CAPACITY VERSUS STAND~100 AMPERE-HOUR CELL 
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DAYS OF STAND BETWEEN CHARGE AND DISCHARGE 


Fig. 5. Capacity after charged stand 


final current values, a factor of importance in the design an} 
use of commercial charging equipment. 

Edison nickel-iron-alkaline cells may be trickle-charged 10 
services where the battery is used as a standby power sour 
The trickle-charge rate in amperes that must be furnished !) 
the charging source is set at a value that will replace the idl 
stand capacity losses. Recommended values for most applic 
tions may be calculated from the following equation: 


Rated amp-hr capacity x 0.16 
ry 


Higher values may safely be used, since the resulting ove! 
charge will do no harm, and downward adjustments ®" 
recommended if excessive loss of water is noted. The voltes? 
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, must be furnished to obtain these rates will range from 
‘to 1.55 volts per cell at normal temperatures. 
with all electrochemical systems the reactions of storage 
»ries are affected by their operating temperatures, and 
jiscussions Of battery performance or life must take this 
yr into consideration. Longest life and best performance 
be obtained when the electrolyte temperature of Edison 
Hories is maintained below the recommended maximum 
i5°F. Control of electrolyte temperatures can be readily 
jeved because of the air spaces provided on all sides of the 
gLE I. Technical data: typical battery assemblies—cradle 
or demountable steel box 
tYPO. A8 C8 D8 
mber of cella. ......... 30 30 30 
mber Of tray8......... 5 5 5 
6 6 6 
»-hr capacity......... 300 450 600 
t-hour capacity....... 
ST: 360 540 720 
10,800 16, 200 21,600 
ogth— Cradle......... 36.5in 36.5 in 37.0 in 
36.9 “ 38.4 “ 
SRE 31.1 “ 31.6 “ 
31.5 “ 31.5 .* 31.9 “ 
ight— Cradle......... 17.0 “ 22.0 “ 29.0 “ 
right in pounds 
Battery complete in 
1,001 1,140 1,953 
Battery complete in 
ubic feet 
Battery in cradle...... 11.15 14.45 19.56 
Battery in box ......... 11.78 15.15 20.62 
punds/ft3 
131.3 136.9 135.0 
Battery in cradle... ... 89.8 99.5 99.8 
Battery in box ...... 94.6 105.8 103.2 
jatt-hours/ft? 
Single cell. ............° 1,688 1,805 1,772 
Battery in cradle ...... 968 1,122 1,105 
Battery in box ......... 917 1,068 1,047 
itt-hours/Ib 
Jattery in cradle... ... 10.78 14.20 11.05 
9.69 10.12 10.13 


Battery in box ....... 


ulividually suspended cells, and because the steel container 


in excellent conductor of heat. 
Under any given set of discharge conditions the capacity 


i the cell deereases as the electrolyte temperature drops 
ypreciably below 80°F. The extent of the decrease varies 


th the rate of discharge, being (a) relatively small at low 


tes and larger at high rates, and (b) less when the discharge 


itermittent than when it is continuous. The wide applica- 


” of niekel-iron cells to such services as motive power, 


hilvay carlighting, signal, ete., is evidence that properly 
plied Latteries will give adequate reserve capacity at tem- 


tatures down to O°F and below. At a temperature of 


)proxin.ately —25°F, electrolyte of normal density will 
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become slushy and crystallized but it will not freeze hard 
and cause mechanical injury. 

When fully charged cells are permitted to stand idle there 
is a gradual loss of capacity. This loss is less at low storage 
temperatures as shown by the graphs of Fig. 5. 

One of the advantages of nickel-iron cells is ease with 
which they may be laid up for extended periods. This is 
chiefly of value in applications that are seasonal in nature, 
or where normal operations are curtailed for some reason or 
other. The recommended procedure for storing batteries of 
this type over long periods is to discharge them completely, 
short-circuit, and maintain the solution level above the plate 
tops. Heated storage is not required for there is no danger 
that they will be damaged by freezing. 


AVERAGE WATTS PER POUND VERSUS HOURS OF DISCHARGE 
_ BASED ON 450 A-HOUR CELL 


10 
«4 
3 
AVG WATTS/LB 
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2 
ah 2346810 234 6810 20 4 100 


HOURS OF DISCHARGE 
Fig, 6, Average watts per pound at various discharge rates 


AVERAGE VOLTS VERSUS DISCHARGE TIME IN HOURS 
100 AMPERE-HOUR CELL 


VOLTS tH VA ++H 
THT TTT | THT TT 
Os 5 10 20 30 «8680 100 


DISCHARGE TIME IN HOURS 


Fig. 7. Average cell voltages over a range of discharge rates 


Engineering Data 


The output of Edison batteries calculated in terms of watt- 
hours/lb or watt-hours /ft* will vary somewhat with the size 
of the cell and the method of assembly. Values for three of 
the cell sizes that are used for many industrial applications 
and with assemblies in both cradles and steel boxes are shown 
in Table I. These are based on the rated outputs of the bat- 
teries, and are well below the results that would be obtained 
by using actual performance data. 

By using the discharge data from test curves such as those 
shown on Fig. 7, and applying it to the type C8 cell, which 
weighs 40.9 lb and has a 5-hour rating of 450 amp-hr, the 
average watts /lb were calculated. These results were plotted 
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as ordinates, against the hours of discharge as abscissa on a 
log-log graph shown as Fig. 6. 

The average cell voltages over a range of discharge rates 
are shown in Fig. 7. 


Applications and Life 


The nickel-iron-alkaline cell has been applied to almost 
every field in which storage batteries are used. Ite steel con- 
struction and long life under severe operating conditions, 
even where neglect and abuse are encountered, make it par- 
ticularly suitable for heavy-duty industrial and railway ap- 
plications. The predominant feature of these services is that 
the battery is required to deliver its capacity over a period 
of one to eight hours as contrasted, for example, with the 
engine starting field which demands high current discharges 
for very brief periods. A list of the more important uses to 
which Edison alkaline storage batteries are applied would 
include: electric industrial trucks and tractors, storage bat- 
tery mine and industrial locomotives, shuttle cars, railway- 
ear lighting and air conditioning, railway signal systems, 
multiple unit control, marine services, electric street trucks 
isolated lighting plants, emergency lighting, time clocks, 
police and fire alarm systems, oil circuit-breaker control, 
miners safety-cap lamps, instrument and laboratory power 
supply, and portable lighting units. 

One of the chief advantages of nickel-iron-alkaline cells is 
their long life in services where mechanical and electrical 
abuse is encountered. Vibration does not cause loss of active 
material from the plates nor are they affected by many of 
of the accidental conditions of operation such as overcharg- 
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ing, overdischarging, short-cireuiting, or reverse 
The actual life in years will, of course, vary wit): the el 
of the service. Average values will range froi 7 yearg 
heavy-duty services to recorded instances of 25 years 
more in stand-by and floating applications. 


parge, t 
during 
jates ar 
vod S12 
almos 
GENERAL BIBLIOGRAPHY capac! 


CRENNELL AND Lea, “Alkaline Accumulators,” Longn, 


Green & Co., New York (1928). Ihe elec 
LaMAR LyNnpon, “Storage Battery Engineering,” )ctant 
Hill Book Co., Inc., New York (1911). 4, i. 


G. W. Vinat, ‘Storage Batteries,’ John Wiley & Song |, 
New York (1940). ou 

PeNDER AND Det Mar, “Electrical Engineers Handy if eel 
4th ed., Electric Power, John Wiley & Sons, Inc, age’ ™ 
York (1949). 

Thomas A. Edison, Inc., Storage Battery Division, y 
Orange, N. J., various publications. 

A. E. Knowuron, “Standard Handbook for Electrica! 
gineers,’’ 8th ed., McGraw-Hill Book Co., Inc., New y@por at © 
(1949). 

E. F. Roeser, Trans. Electrochem. Soc., 1, 195 (1902). 

A. E. KENNELLY AND S. E. Wuitina, Trans. Electrochem. 
6, 135 (1904). 

M. pe Kay THompeson anv H. K. Ricuarpson, Trans. Elec! 10 
chem. Soc., 7, 95 (1905). 5 

C. W. BENNETT AND H. N. Gitpert, Trans. Electrochem. 2 
23, 359 (1913). l 

L. C. Turnock, Trans. Electrochem. Soc., 30, 273 (1916). 


2 
M. ve Kay Tuompson anv L. R. Byrne, Trans. Eleetroch 
Soc., 31, 339 (1917). \% 
L. C. Turnock, T'rans. Electrochem. Soc., 32, 405 (1917). M49 


Nickel-Cadmium Batteries—Pocket Type 


Sven Bergstrom' 


About 1890 Waldemar Jungner, a Swedish scientist, be- 
came interested in storage batteries and conducted exten- 
sive experimental tests with the types known at that time. 
At about the same time that Thomas A. Edison made his 
invention in the United States of a nickel-iron battery, 
Jungner had independently applied for patents covering 
approximately the same type of battery. Jungner then ex- 
perimented further and received in 1901 and 1903 Ameri- 
ca patents based on the use of nickel oxide in the positive 
plates and iron and cadmium materials in the negative plates. 

It was some years before this invention was put into a form 
suitable for industrial use, but a company was formed in 
Sweden which began to manufacture industrial batteries in 
1910. From this small start, the business has grown until 
nickel-cadmium batteries are known and used the world over 
Manufacture in the United States was begun in 1946. 

The advantages of the nickel-cadmium battery are nu- 
merous. It is similar to the Edison battery in many impor- 
tant respects. Both are mechanically rugged, will withstand 
shock and vibration and are also electrically robust in that 
they will withstand overcharge, overdischarge, and standing 
idle in a discharged condition. 

The advantages of the nickel-cadmium battery stem from 
the plate construction, the use of cadmium, and the use of an 
alkaline electrolyte. The cadmium metal used for the nega- 
tive active material can be discharged at a high rate and at 
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a low temperature. Although it does not give quite as | 
a discharge voltage as iron, it is stable on open circuit a 
shows very little self-discharge. It can be trickle-charged, «1 
when standing idle it evolves practically no gas so that { 
some purposes nonspill cells are sealed, and need be vent 
to the air only during charge. 

The positive plate of the cadmium battery is of a { IP 
pocket type. This flat pocket construction allows extreme 
thin plates to be made and permits the plates to be bro os 
close together. As a result, high voltages may be attai 
during high rate discharge and the battery ean be used ! F 
Diesel cranking service. 


ve be 
e lif 
The pocket type of construction used for both positive «ajMurng 


Cell Construction 


negative plates of the nickel-cadmium battery is similar Gj@hiun 
the pocket type negative used in the Edison battery. Pocke@ies n 
or compartments are fabricated from sheet steel which je fn 
been nickel-plated and pierced by many small holes. Thegjhe e 


pockets are approximately 14 in. x 5 in. in size, have a thiciused 
ness which may be anywhere between 0.070 in. and 0.250 Iier | 
and are filled with active material. The active material of tj The 
positive plate is a highly purified grade of nickel ox Ge of 
During charge, this is converted to Ni(OH)s, while aur 

discharge, it is reduced to Ni(OH)s. The active material ®! 

contains graphite flake which adds to the electrical conduq Th 
tivity. The negative plate consists of cadmium meta!. Dui dis 
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charg rge, this cadmium is converted to cadmium hydroxide are shown for three different classes of battery. One type of 
@ Seve juring charge is converted back to metallic cadmium. battery is built for service where a low internal resistance is 
Yearg mates are assembled from pocket elements in almost any not required. It is for a battery containing fairly thick plates 
Year «| size, and then these plates are collected into a cell and meant to be used in stand-by service where it is required 
, almost any desired number of plates per cell. In this to deliver power for five hours or longer. At the 10-hour rate 
. capacities of 2 to 1000 amp-hr or more can be obtained. this battery, shown as line A in Fig. 1, produces more power 
Ee per pound of battery than the other two types shown. At the 
ongm: y 0.5-hour rate it produces less power. By going to thinner (line 
rye electrolyte used in the various types of alkaline cells B) and still thinner (line C) plates, it is possible to improve 
McGrdipstantially the same. It is high purity potassium hy- the voltage so that at the \%o-hour discharge capacity, the 
ide in water and may have, in addition, a small amount power output reaches 25 watts/lb. This is done by sacrificing 
ns, lM hium hydroxide. The normal specific gravity is 1.190 the power output at the 10-hour rate. Such a battery is ob- 
at | if cells are to operate in a cold climate, the specific viously to be used primarily where a high rate discharge is 
a - ity may be increased to 1.23-1.30. The higher gravities required. 
on, W ete ___ TABLE I. Characteristics of nickel-cadmium pocket type storage batteries 
| Type AVC 3316 Type SAVC 3516 Type STN 4516 
rical — 
vew Ye at | 315 306 310 
iz. 16.9 17.3 21.5 
7700 7060 
em. % Cap. | Avgev | Whr/lb | Wylb % Cap. | “Avew Whr/ib | | % Cap. | Avgev Whr/lb W/lb 
- Elect 10 | 104 | 1.235 10.85 1.085 103.5 1.245 10.35 1.035 101.5 1.26 8.4 0.84 
5 100 1.20 | 10.15 2.03 100 1.225 9.83 1.966 100 1.25 8.18 1.64 
em. Si 2 90 | 1.12 | 98.45 4.22 93 | 1.17 8.66 4.33 95 1.225 7.62 3.89 
l 77 102 | 6.64 6.64 82.6 | 1.10 7.27 7.27 89 1.19 6.91 6.91 
6). ly 61.5 0.89 4.62 9.24 67.4 1.00 5.40 | 10.8 79.5 1.135 5.90 11.80 
elrach \4 — — | — — 51.4 0.875 3.61 14.44 66 1.045 4.51 18.04 
\6 — — — — 43.3 0.79 2.74 16.44 56.4 0.98 3.61 21.66 
1). Ko - | —- | - — 31.0 | 0.61 1.515 | 18.2 39.6 | 0.865 | 2.24 | 25.9 
30: 
ol 
as | Bp A 
red, 
that 060 
venta 
0.01 0.1 1.0 10 
DISCHARGE CAPACITY IN HOURS 
treme | | Fig. 2. Nickel-cadmium pocket type of batteries, voltage 
O02 03 OS 2 345 io 
tal LISCHARGE CAPACITY IN HOURS 
ised f Fig. 1, Nickel-eadmium pocket type of batteries The voltage during discharge is shown in Fig. 2 for these 
same three classes of battery. At high rate discharge the volt- 
falls off ll batteries. The thi ickel-cad- 
¢ better performance at subzero temperatures but shorten pate nickel und 
mium battery shown in this chart is considerably superior to 
life of the battery when used at normal temperatures. 
—— : : ; the other two batteries over the entire range of useful dis- 
ive cll@~uring the operation of a battery, no potassium hydroxide or ha , ; 
ior 3 ag ; , charge rates and obviously has its greatest advantage at 
nl lum hydroxide is consumed so that the specific gravity , : : ‘ 2 
La ‘ high rate of discharge. The batteries used in calculating per- 
Pocke@ies not change with the state of charge of the battery and ‘ . 
el ; - . formance data for this chart are shown in Table I. These are 
freezing point of the electrolyte is always quite low. 
: : approximately 300 amp-hr batteries and it is assumed, in 
electrolyte never freezes solid so that no damage is 
\ thillMBused to the cells by freezi d th f ; general, that, since data are expressed in watts per pound of 
250 bein — battery, the same data will apply to other sizes of battery. 
‘ The density of these batteries is approximately 135 lb/ft’. 
| of (ME The effect of lithium hydroxide is believed to prolong the : 
Nid Some cells are also made with a larger electrolyte volume 
duria y ng , above the plates and, therefore, have a lower density. 
ial Engineering Characteristics Self-Discharge 
“- The capacity of the storage battery as affected by the rate Because of the cadmium negative-active material, the self- 
uri 


lischarge is shown in Table I and in Fig. 1. Three lines 


discharge of these batteries is quite low. Where extreme care 
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is taken with the purity of materials, a self-discharge rate of 
20 per cent per year or less has been attained. Many com- 
mercial batteries will fall between 20 and 40 per cent per year 
of self-discharge. The effect of temperature on these batteries 
is somewhat different from other batteries. The nickel-cad- 
mium battery can be used for high rate discharge at low 
temperature, and its performance in this kind of service 
expressed per pound of battery will be close to that of a 
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automobile use, the French manufacturer gii:rantesfl 


battery for four years. af 

Usefulness can be 

In view of the above engineering characj“#s' cs, it | pisity © 

surprising to find that a nickel-cadmiumJReter\ cay | fre chars 

as a replacement for practically any @ther type of bad’ 


limited solely by cost and a slight difference in weigh: i 
yscharge 


motive power type lead-acid battery and will be considerably volume. It hes not yet found extensive usefulness for , 
superior to an Edison battery. At high temperatures, the mobile starting because it occupies about one-third jae aout 
life of the battery on overcharge is excellent although the space and the cost is very considerably higher than q f to ts 
manufacturers recommend that the battery temperature be battery. In the industrial field, however, it has attaingmmee’"™ 
not allowed to exceed 115°F. wide usefulness for stand-by and emergency lighting 
The life of the battery under service conditions is good. Diesel cranking, for telephone service, for railroad carlig| 
Instances are on record of batteries in continuous service for service, and, to a limited extent, for electric truck operati 
over 25 years in Europe. The American-made batteries have Although the sales volume of the battery at present js 
not been on the market long enough to establish such an as great as that of other types of storage battery, it Mi. | 
enviable record, but there is no reason to believe that they pected that the nickel-cadmium battery will become ay Sig 
will be inferior to European batteries in this respect. For creasingly important commercial article in the United sii, ~~ 
20a 
Sintered Plate Nickel-Cadmium Batteries | 
G. B. Ellis', H. Mandel', and Linden' | 
The nickel-cadmium battery has been known since about al 1 
1900 and has been constructed for many years in the familiar 7 
tubular and flat pocket designs. In the last fifteen years, 38 Bc. 3. 
however, the sintered plate battery has been developed. The | -40°F 
early work on this construction was limited to thick sintered = acity: 
plates, but during World War II the AFA Company in Ger- s | | Ba 
many did considerable work on thin plates in order to obtain 3 t Ves + — | 
a battery having improved high rate and low temperature 8 | | 4 
performance for starting applications. A plant was set up at 3 
Hanover, Germany, to produce batteries of this type for a | \é | © , 
military purposes, but extensive use of this battery was } +— 
limited because of a shortage of nickel as well as the early | | | 
failure of the negative plate on cycle service. } t + ] 
Since World War II considerable interest has existed, both a | 
here and abroad, in thin plate sintered nickel-cadmium bat- | | | . 
90 120 150 180 210 240 270 | 
teries because of their promising high rate and low tempera- TIME. (MINUTES) I 
ture performance and their ability to float for long periods of Fig. 1. Cell voltage vs. discharge time, all discharge m 1] 
time without damage or loss of capacity. The Signal Corps at 85 + 5°F, for a nickel-cadmium sintered-plate cell, ri 7 
Engineering Laboratories, Fort Monmouth, New Jersey, capacity: 75.0 amp-hr. cn 
has sponsored this development within the United States 
which has resulted in the establishment in this country of the T 
‘know how” and the facilities for the fabrication of nickel- 7 | 
cadmium batteries which have successfully fulfilled the power Pi 
requirements of several special military applications. | pes at 
The sintered plate battery uses nickel oxide as the positive ~— + 
active material and cadmium metal as the negative active 4 | 


material, but differs from other nickel-cadmium batteries 
in the method of support. Plates are made from nickel powder 
which is molded into shape and heated at an elevated tempera- 
ture in a nonoxidizing atmosphere. This gives a strong, porous 
plate which contains about 80 per cent pore volume. 

Active material is then impregnated in the pores of these 
plates by soaking them in a solution of nickel salts to make pos- 
itive plates, and a solution of cadmium salts to make negative 
plates. Details of the process have been described by Fleischer 
(1). 


Performance measurements were made on a group of 5- 


! Power Sources Branch, Signal Corps Engineering Labora- 
tories, Fort Monmouth, New Jersey. 
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Fia. 2. Cell voltage vs. discharge time, all discharge ™ 
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at 0°F, for a nickel-cadmium sintered-plate cell, rated capa" 
75.0 amp-hr. 
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"7 iytterie: rated at % amp-hr. The average battery had a caphicities are measured as a percentage of the ampere-hour 


it of 41.5 Ib, and a volume, excluding the terminals, 
in? It actually delivered 415 whr at the 5- hr. rate. 
can be exgressed as 10 whr/Ib, 1311 whr /it?_satid gives 
of 131 Ib/ft*. 


pate 
The a acteristics of the sintered- plate. nickel-cadmium 
» ory ean best be illustrated by the curves in the following 
tm - 
ures. 
jseharge curves.—Curves in Fig. 1-4 are voltage vs. 
id “BM, -urves for various discharge rates at temperatures from 
" BF to —65°F. In establishing these curves, charging was 
overnight for 16 hours at 85°F +5°F at constant current. 
ing 
irlig} | T 
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Fic. 3. Cell voltage vs. discharge time, all discharge rates 
-40°F, for a nickel-cadmium sintered-plate cell, rated 
acity: 75.0 amp-hr. 


6 30 45 60 75 105 120 
TIME (MINUTES) 


Fic. 4. Cell voltage vs. discharge time for all discharge 
ples at —65°F for a nickel-cadmium sintered-plate cell, rated 
pacity; 75.0 amp-hr. 


te charge rate was determined so that the ampere-hour 
| ut would be equal to the ampere-hour capacity withdrawn 
-—## the preceding discharge plus 60 per cent of the rated cell 
wacity. Though it was recognized that the overcharge 
tobably was more than necessary, this procedure was fol- 
wed to be consistent with that generally recommended for 
cket-type batteries in order to obtain comparable test 
ata, 
Relative capacities vs. temperature and discharge rate—The 
uve in Fig. 5 shows the relationship between discharge 
. nie’? 2 minutes and the ampere-hour capacity obtained at 
wcilfamee Various temperatures for the sintered plate cells. The 


capaci¥ obtained at the five-hour rate at 80°F. It should be 
noted that at 80°F the capacity at the one-hour rate is still 
93 per cent with the sharp break in the curve occurring at 
about the fifteen-minute rate. As the temperature is decreased 
the capacity falls off more rapidly and the break in the curves 
occurs at lower rates, i.e., higher hourly rates. 

Relative watt-hour capacities vs. temperature and discharge 
rate.—The curve in Fig. 6 is a curve of watt-hour capacity 
plotted against discharge rate at various temperatures for 
the sintered-plate cell. These capacities are plotted as per- 
centages of the watt-hour capacity obtained at the five-hour 


60°F AMP -HR 


Fig. 5. Per cent of 5-hr rate, 80°F amp-hr capacity, vs. dis- 
charge rate (min) for a nickel-cadmium sintered-plate cell, 
rated capacity: 75.0 amp-hr. 


SHR RATE BO°F WH 


160 200 240 280 320 
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Fic. 6. Per cent of 5-hr rate, 80°F whr capacity, vs. dis- 
charge rate (min) for a nickel-cadmium sintered-plate cell, 
rated capacity: 75.0 amp-hr. 


rate at 80°F, as was done for the ampere-hour capacities. 
The midpoint discharge voltages, which were the cutoff 
voltages plus 0.15 volts, were used to calculate the watt- 
hour capacities. The cutoff voltages, in turn, were determined 
by taking a drop of 0.3 volt from the cell voltage after 10 
per cent of the total discharge time to that cutoff voltage had 
elapsed. These curves have a greater slope than the ampere- 
hour capacity curves because the midpoint voltages are lower 
than one (1) volt at the higher rates and lower temperatures 
and higher at the other discharge conditions. 

Charging characteristics.—Sintered plate nickel-cadmium 
batteries can be charged successfully by either constant cure 
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rent or constant potential methods. The end-of-charge po- 
tential for constant current charging is generally lower than 
that for the pocket type of batteries. The charging efficiency, 
too, is higher for the sintered plate battery in that charging 
ean be accomplished with an input-output ratio of 1.2. 
Pocket type batteries generally require a ratio of 1.4 to 1.6. 

Overcharging has no detrimental effect on the performance 
of the sintered-plate battery and actually results in an in- 
crease in the capacity on the succeeding cycle primarily due 
to the formation of increased amounts of the higher oxides 
of nickel. 

The sintered plate nickel-cadmium cells, like other nickel- 
cadmium cells, can be successfully floated for extended periods 
of time without suffering a loss of capacity. 

Sintered plate cells also ean be charged at extremely low 
temperatures with fairly good charge acceptance, utilizing 
the same charge procedure as is used at normal temperatures; 
for example, on an 80°F discharge following a 7-hour charge 
at the 5-hour rate at —40°F, 50-60 per cent of the capacity 
available after an 80°F charge is obtained. 

Self-discharge.—The self-discharge characteristic of the sin- 
tered-plate battery is similar to that of the pocket-type con- 
struction. Initially, approximately a 10 per cent loss is ex- 
perienced during the first 48 hours of storage, after which the 


plember f 


loss tapers off to approximately 3 per cent po: month 
the first month. This results in a capacity loss ©. about 59 
cent during the first year of storage at norma] ‘omperath 

Life-—Cycle service up to 700-1000 eyeles |,as been 
ported for sintered-plate nickel-cadmium batte ies, 
instances of battery cycling and of controll: cycling 
negative plates, a gradual loss of negative plate capacity 
been observed. This condition is currently being investig 
to determine the cause for this capacity loss and to devs 
means for overcoming it. 

The sintered plate nickel-cadmium battery has cor 
promising performance characteristics which offer advan}: 
for certain applications and establish the desirability of fy, 
improving its performance through a continuation and 
tension of the investigations which have already been , 
ducted. Although at present the commercial and military 
of this battery is limited, the sintered plate battery will 
the very near future, find use in applications where 
performance characteristics are particularly suited and wh 
its higher cost and use of materials, such as nickel and ¢ 
mium, which are in short supply, can be justified 
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The Zinc-Silver Peroxide-Alkaline Storage Battery 
Samuel Eidensohn' 


The use of silver oxide as the cathodic material in a re- 
chargeable battery has a long history. However, no practical 
cell appears to have been developed until quite recently. This 
paper will describe the type of storage battery characterized 
by the following features as developed by H. G. Andre. 

A zine anode, usually in the form of a porous plate, under- 
goes oxidation to zine oxide in the presence of a very small 
amount of alkaline electrolyte. Presumably the zine first 
dissolves and then precipitates out from the saturated solu- 
tion. Constructional design minimizes migration of the zine 
away from the point of solution. Hence the zinc is considered 
as an insoluble anode. 

A silver peroxide cathode, formed by electrolytic oxidation 
of silver or silver oxide, undergoes reduction to silver oxide, 
thence to silver. This gives a two-step reduction curve, ob- 
served at low current densities, with about 0.3 v difference 
between the maximum for each step. At high current densi- 
ties, the higher potential is not observed as the electrochemi- 
cal reduction of silver peroxide to silver oxide becomes polar- 
ized to the potential of the silver oxide. The actual cathodic 
potential depends on the equilibrium between silver peroxide, 
silver oxide, and silver present in the cathode. 

The electrolyte is an aqueous solution of KOH which is 
saturated with respect to zine oxide. 

The plate separation in this type of cell takes the form of 
a nonwaterproof cellophane bag in which the cathode is com- 
pletely wrapped. Other separator materials may be used in 
conjunction with the cellophane. 

On charge, the discharge reactions are reversed with very 
high efficiency. The charge voltage also exhibits the step- 
wise aspect of the oxidation of the positive plate. 


' Battery Section, Bureau of Ships, Department of the 
Navy, Washington, D. C. 


The over-all electrochemical reaction may be written 


AgiO: + H.O + 2Zn 2Ag + ZnO + 
B Zn(OH)s 


from which the theoretical material requirements are 3. 
g/amp-hr (.0084 lb/amp-hr), using 40 per cent KOH as t 
electrolyte. The ampere-hours per unit weight would be 2 
amp-hr/kg (119 amp-hr/Ib). 

In practice an excess of all materials must be provided sf 
the weight of the case, cover, terminals, and plate conduct 
must be added. This leads to a practical output of 77 amp-h 
kg (35 amp-hr/Ib) at the ten-hour rate. 

Performance characteristics of a cell rated at 40 amp-hr 
the 10-hour rate are shown in Fig. 1. This curve shows # 
average watts per pound, at 80°F, and at constant curre 
plotted azainst the time of discharge. End voltage has be 
taken to be 10 per cent below the plateau voltage. This « 
weighs 1.46 lb and occupies 25 in.*, excluding the cell tem 
nals. To convert watts per pound to watts per cubic i 
multiply by 101. A typical low rate discharge and cha 
curve is shown in Fig. 2. The discharge rate was 5 amp «! 
the charge rate was 2 amp. Discharge curves at high m4 
are shown on Fig. 3. 


Self -Discharge 


The effects of stand in the filled and charged conditi 
produce a reduction in capacity on subsequent dischart 
Present opinion is that these effects are greatly influenced 
the amount of water in the cell. Drying out of the cell 
exposure of the components to air are major factors in ! 
deterioration of the cell. These factors were not apprecisié 
until recently, thereby vitiating most of the available 
discharge data. 
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Fig. 2. Characteristic voltages, charge and discharge 
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Fie. 3. Performance curves of zine-silver peroxide storage 
attery. Cell volts during high rate discharges. 


Results of tests with no control of electrolyte content, are 
easonably consistent over a 30-day period, at 80°F. Very 
ight loss, averaging about 3 per cent, has been observed. 


For longer periods, the data is increasingly inconsistent. 


ANNIVERSARY ISSUE ON STORAGE BATTERIES 
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For a 60-day stand at 80°F, about 33 per cent loss has been 
reported; 90-day, about 50 per cent loss. 

However, with protection against air exposure, test cells 
have given 48-weeks stand with 77 per cent charge retention. 
Similar cells, with no protection, dropped to 50 per cent in 
about 9 weeks. 

At higher temperatures the effect of stand is accelerated. 
Tests with control of electrolyte content have not yet been 
reported. Tests with no control of electrolyte indicate that 
at 50°C (122°F) the loss of capacity in 14 days is about 30 
per cent. Complete failure has been reported after 92 hr at 
75°C (167°F). 


Life 


The life of the present zinc-silver peroxide storage battery 
depends on the design as well as the service in which the cell 
is employed. Cells designed for very high power output will 
endure only 5-10 high power cycles. This is probably caused 
by the very high temperatures produced within the cell. 
Cells designed for moderate rates and cycled at about 2 days 
per cycle have given more than 90 cycles. Indications are 
that several hundred cycles may be obtainable on the basis 
of increasing knowledge of the causes of cell deterioration. 

Since deterioration takes place while the charged cells are 
idle, the longer the time per cycle, the fewer the cycles ob- 
tainable. Thus a group of cells, capable of over 60 cycles on a 
2 day per cycle basis, dropped to about 80 per cent of rating 
in only 6 cycles in the course of which the cells were idle for 
180 days. 

On the other hand, an interposition of a stand in the dis- 
charged condition for 6 months did not appreciably affect 
the number of cycles obtained. 

Floating the cells has been done under the following con- 
ditions: 

Two cycles at the 1-hour rate ending in the fully charged 
condition followed by 

30-day float at 1.90, 1.95, 2.00 v per cell cycle at 1-hour 
rate plus charge followed by 

60-day float at 1.90, 1.95, 2.00 v per cell cycle at 1-hour 
rate plus charge followed by 

90-day float at 1.90, 1.95, 2.00 v per cell cycle at 1-hour 
rate plus charge. 

No watering was done and no protection against water 
loss was given. Taking the average capacity on cycle 1 and 
cycle 2 as 100 per cent, the relationship between float time 
and cell capacity was as follows: 


% Capacity after float 


Float time (days) 


| 
30 | 60 | 90 

Float volts 
1.90 | 94 | 68 32 
1.95 | 182 | 127 110 
2.00 | 123 130 117 


It will be noted that the cells were actually floated for 180 
days. It is possible that an uninterrupted float for the same 
periods indicated would give quite different results. 

The effect of overcharge on life is not well determined. 
Excessive overcharge is detrimental to life, whereas under- 
charge will cause a decline in capacity. The optimum over- 
charge is possibly about 10 per cent. 

Cells have been subjected to temperatures below minus 
78°C with no adverse effects noted after heating to 50°C. 
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Condition of Shipment 


Cells are normally shipped filled and formed but in the dis- 
charged condition. They should be put in service within six 
months after receipt and kept in a cool location during the 
storage period. It may be necessary to add water when giving 
the first charge. Longer storage periods may be possible after 
more experience has been accumulated on protection against 
water loss. 

It is anticipated that shipment in the dry condition will 
be feasible. This may make the storage life indefinite. 


Outstanding Characteristics 


The outstanding characteristic of this storage battery is 
the high output per unit weight and space. Fig. 3 permits 
the calculation that the energy output per pound is 50 whr 
at the 10-hour rate and 30 whr at the one-hour rate. More 
recently, the cell on which Fig. 3 is based has been improved 
by 50 per cent with no change in volume and with an increase 
of 20 per cent in weight. This gives a unit output as follows: 
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Se / ‘ember 1 
| Whe/Ib | Whe/te 
10-hour...... | 62.5 | 7500 
l-hour....... 37.5 | 


1500 


In comparison, a very good commercial lead cel) wil} dej 
about 17 whr/lb and 2260 whr/ft® at the 10-hour ,, 
9 whr/lb and 1200 whr/ft* at the 1-hour rate. 


Availability 


Sizes of cells ranging from 0.5 to 100 amp-hr are comy 
cially available. Commercial uses are, as yet, limited by 


rather high cost of the cells but have been found in ports 
electrical equipment in which cost is secondary to ene 


availability. Foreign use includes miner’s lamp batteries 


portable photographic equipment. Progress in reducing ¢ 
and lengthening life will undoubtedly extend the field 


commercial use for this type of battery. 


BOWERS batteries 


The first choice of thousands of battery users 
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toy Before discussing electrochemical education it is well to 
: Sart nsider the need in industry for men trained in electro- 
to * hemistry. A committee appointed by the Board of Direc- 
teriee me” of the Society in 1949 has conducted a survey to 
Jetermine the need for electrochemists in industry The 
© field slings of this committee have been summarized during this 


iscussion by Dr. R. M. Hunter. However, to obtain a direct 
ea of industry’s belief regarding the need for electrochemists, 
ave conducted a small survey of my own in the Pittsburgh 
strict. I asked the Personnel Directors of several large 
ompanies in the Pittsburgh area if they were at present 
wking for people trained in electrochemistry and if they 
i ever had requests from their plants or mills for men 
mined in electrochemistry. The answer was “no” to both 
westions. Generally the research organizations of these 
»mpanies had or were seeking electrochemists but the plants 
rmills never or rarely requested them. 

From this it appears that the expressed need for electro- 

emists is not large but, as we in our laboratory know from 
personal experience, even with the relatively small demand 
it is difficult to obtain men who are trained in this field. 
The number of people having electrochemical training who 
came available from the colleges each year must be very 
small, indeed. 

There are, thus, two facts that become immediately ap- 
parent: (1) the expressed demand for electrochemists is 
small, and (2) the supply of trained electrochemists is even 
snaller than the demand. 

What can be done about this? There is at present little 
value in attempting an educational campaign to interest 
nlustry in employing more electrochemists. The immediate 
need is to interest more students in taking some electro- 
chemical courses while they are in college. This campaign 
should probably begin at the high school level. 

Faced with a related problem, the American Society for 
Metals some years ago started an intensive campaign in the 
igh schools to interest people in metallurgy. The first step 
by the A.S.M. was the appointment of an Advisory Commit- 
tee on Metallurgical Education, under the Chairmanship of 
Dr. R. F. Mehl. This committee worked out a broad plan. 

One of their first acts was the preparation of a short bro- 
thure entitled “A Career in Metallurgy.” This brochure was 
umed at giving high school students sufficient information 
on metallurgy as a career so that they might at least consider 
t further. A larger booklet entitled “Your Career in the 
Metallurgieal Profession” was also prepared. In the 96 pages 
of this booklet, the demand for metallurgists, the nature of 
metallurgical work, and the careers of several metallurgists 
are discussed. 

'This discussion took place at the Philadelphia meeting on 
May 5, 1952. 


Research and Development Laboratory, United States Steel 
Yompany, Pittsburgh, Pennsylvania. 
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The Teaching of Electrochemistry 


The Electrochemical Society Round-Table Discussion' 
R. B. Mears’ 


After these publications were prepared, local committees 
of each chapter of A.S.M. were organized. Each member of 
these local committees was assigned to one high school in his 
vicinity. Armed with the literature mentioned above, the 
A.S.M. contact man then called on the vocational guidance 
counselor of the school and offered to supply any information 
on metallurgy the counselor might require. 

The A.S.M. contact man was prepared to supply booklets, 
arrange to show films on the metallurgical industries, pro- 
vide a speaker to tell groups of students about metallurgy 
or arrange for inspection trips of metallurgical plants or 
laboratories. 

It seems to me that such a procedure is certain to increase 
interest in metallurgy as a career. 

Chemical engineers also have not been indifferent to the 
situation. W. T. Nichols* reports the results of a survey made 
with the cooperation of the 94 student chapters of the Amer- 
ican Institute of Chemical Engineers. Professors in colleges 
and men in industry were asked, “How can industry and 
colleges cooperate better to improve chemical engineering 
education’”’? 

A summary of the replies to this question is given in Nichols’ 
paper. Any individual interested in electrochemical educa- 
tion can find valuable suggestions in the Nichols article. 

Nichols also discusses the initiation of a senior course in 
plant design at Washington University in St. Louis. This 
3-hour-a-week course is taught for a full semester almost 
entirely by chemical engineers from industries in the St. 
Louis area. It is a credit course with examinations being 
given by the faculty members. 

This course has greatly increased a feeling of cooperation 
between industry and colleges in the St. Louis area. It has 
given senior college students a closer contact with industrial 
problems and has given the lecturers an opportunity of sizing 
up potential chemical engineering employees. 

In some areas, similar arrangements could be made for 
courses in electrochemistry. The short courses in corrosion 
that have been sponsored in various colleges by the National 
Association of Corrosion Engineers have increased interest 
in corrosion research. Possibly similar courses could be ar- 
ranged in electrochemistry. 

Other procedures include the sponsoring by The Electro- 
chemical Society and interested industries of electrochemical 
exhibits. The exhibits might be prepared by high school or 
college students with prizes for the winners. 

Annually in Pittsburgh, such an exhibition is held at the 
Buhl Planetarium with prizes for exhibits in Chemistry, 
Engineering, Physics, and Biology. There is no special prize 
in Electrochemistry. 

Similarly, awards or scholarships for technical papers in 
electrochemistry at both undergraduate and graduate levels 


*W. T. Nicnouis, Chem. Eng. Progress, 48, 201, 1952. 
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in colleges would be helpful. If each local section of the ECS 
sponsored one or more such awards in the colleges in its 
vicinity, interest in electrochemistry would be increased. 

One of the best ways of increasing interest in electrochem- 
istry is also the most painless. Many laboratories and plants 
employ extra summer help. The summer employment of 
high school juniors, seniors, and science teachers, as assist- 
ants in electrochemical work can greatly increase their know]- 
edge of, and interest in electrochemistry. Similarly, the sum- 
mer employment of college students and teachers is also 
valuable. 

In the above, I have touched briefly on (1) developing a 
recognized need for electrochemists, and (2) interesting high 
school and college students in electrochemistry. 

The next problem is what to teach! 

It seems doubtful to me if a curriculum in electrochemistry 
or in electrochemical engineering is needed. Instead, I believe 
that undergraduates at the junior and senior level should be 
permitted to elect special courses in electrochemistry. This 
will raise the immediate outcry that the standard technical 
curricula are already so crowded that it would be impossible 
to squeeze anything else in and undesirable to drop any 
course from the curricula to make room for one in electro- 
chemistry. Actually, rigid requirements of many curricula 
are of questionable value to the student, although it may ease 
the work of committees that attempt to accredit such cur- 
ricula. Looking around our own laboratory, it appears that 
we do not really need any two men who have had exactly the 
same technical background. 
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We need one metallurgist who has specialized in phy. 
another who has a special training in mechanical « .gineo;; 
another who has had extra courses in statisties, 9114 ano, 
who has had some electrochemistry. We would vale the |, 
named metallurgist even though he were deficient jy , 
other field that is normally spevified in the metallurgy 
engineering curriculum. 

The same is true of electrical engineers, chemical engine, 
chemists, and physicists. We would be glad to have at |. 
one of each of these who had some extra training in elec 
chemistry, even if he were deficient in one of the conventiy 
subjects on the curriculum. 

The main points of this discussion may be summed w) 
follows: 

1. The recognized need for electrochemists is only a {1 
tion of the potential demand. 

2. Even in this situation, men with training in elect, 
chemistry are in short supply. 

3. To increase the supply of electrochemists, an education, 
campaign reaching the high schools as well as the coliey 
is needed. 

4. The summer employment of students and teachers {ro 
high schools and colleges as assistants in electrochemi 
work at plants or research laboratories is a convenient \; 
of interesting more people in electrochemistry. 

5. Rigid curriculum requirements are of questionable valy 
to industry. Some departure from a rigid set of courses | 
permit each student a certain latitude in selecting a min 
field of specialization is desirable. 


The Electrochemical Society 


Montreal Meeting 
October 26, 27, 28, 29, and 30, 1952 
Sessions on 
Battery, Corrosion, Electric Insulation, Electrodeposition, Industrial Electrolytic 


Headquarters at the Sheraton-Mount Royal Hotel 
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Arrangements have now been com- 
pleted for members and guests attend- 
ng the 102nd meeting of the Society 
» Montreal, for two plant trips, within 
the city, scheduled for Tuesday and 
Wednesday afternoon, October 28 and 
%. The first of these is a visit to two of 
the laboratories of MeGill University, 
and the other is to two of Montreal’s 
most interesting installations, the Ca- 
nadian Copper Refiners, Limited, and 
Noranda Copper and Brass, Limited. 

In addition, a trip to the plants of the 
Aluminum Company of Canada, Lim- 
ited, at Arvida in the Saguenay Valley, 
referred to in earlier issues of the Jour- 
is planned starting Wednesday. 
night and continuing through Thurs- 
day (Details of this trip are outlined 
on the following page). 


McGill University 


The trip te MeGill University in- 
cludes a conducted tour through the 
Eaton Electronics Research Labora- 
tory and to the cyclotron in the McGill 
Radiation Laboratory. 

The Eaton Electronics Research 
laboratory is one of the two research 
institutes that have been organized 
within the Department of Physics at 
MeGill University. Its purpose is to 
train graduate students in the various 
branches of physics that are included 
in the terms Radio Physics and Elec- 
tronics. 

The work of the laboratory tends to- 
ward pure research, rather than appli- 
cation or development, but most of the 
pure research is related to applied fields 
of electronics. As examples, the research 
in the field of solid state is related to 
modern developments in the use of 
seraiconductors in electronics, and the 
work on the optics of radio systems is 
associated with the development of 
radio antennae. Other work is on high 
frequency tubes, the investigation of 
the primary and secondary emission 
of electrons, and various problems in 


physical electronics. Fundamental cir- 
cuit problems is another field of interest 
pursued at the laboratory. 

The Radiation Laboratory consists 
mainly of a cyclotron with its auxiliary 
equipment, and the main work is basic 
research in nuclear physics. The cyclo- 
tron is characterized by a maximum 
energy represented by 100,000,000 volts. 
The major item of work carried on 


Plant Trips and Other Plans for 
Montreal Meeting 


ment, where anodes are cast for re- 
fining, and where refined copper cath- 
odes are melted into marketable shapes. 
Melting is done in oil-fire reverberatory 
and electric are furnaces. 
In the silver refinery, silver and gold 
are recovered from the electrolytic anode 
slimes. Selenium and tellurium are also 
recovered, Canadian Copper Refiners 
Limited being the largest selenium pro- 


Canadian Copper Refineries, Limited—General view of a portion of the electrolytic 
tank house 


concerns the discovery of new isotopes 
and about 25 of these have been dis- 
covered over the last three years. Some 
spectroscopic work is carried on, both 
optical and microwave. 


Canadian Copper Refiners, Ltd. 


The plant of Canadian Copper Re- 
finers, located in Montreal East, offers a 
tour through a modern electrolytic re- 
finery. 

The heart of the process is the tank 
house with a rated capacity of 11,000 
tons of cathodes per month. Servicing 
the tank house is the casting depart- 
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ducer in the world. Various marketable 
grades of copper sulphate are produced 
from tank house electrolytes and silver 
refinery liquors. 


Noranda Copper and Brass, Ltd. 


Adjoining the copper refinery is the 
plant of Noranda Copper and Brass 
Limited, where copper and copper al- 
loys are produced in the form of strip, 
rod, wire, and tubing. These are the 
basic raw materials which are converted 
by fabricators into manufactured goods. 
Noranda Copper also produces finished 
products, such as welding rod, copper- 
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eight miscellaneous plants, researq lad 
laboratory, two maintenanc: shops | 
three steam plants, and the offices 

At the new Research Laboratory , e gui 
small modern theatre is locate: in the 
building. Here a film will be shown giy « the | 
ing the highligists of the entire industr tership 
in a complete and carefully prepare; Hogabo 
form. Also, there will be visits to one Blum’s 


the Bayer Alumina plants, the Carboy 


Plans 
Electrode plant, one or more of ty e anno 
potlines in the aluminum plant, an) 
to the company’s Caustic Chlorin Dinner 
plant. The latter, containing the lates An il 
Mathieson type cells, should interes general 
many. be hele 
The Aluminum Company will be enterta 
host at a luncheon in the Saguenay Iny The 
on the day of the visit to Arvida. held o1 
It is the intention to make this tri at whi 
as complete and interesting as possible will be 
and no effort will be spared in achieving \arde 
Aerial view closeup of the all-aluminum Arvida bridge and Shipshaw No. 2 plant " inend, oY : 
Technical Program 
covered ground rod, brass and copper tions. The Arvida smelter is the world’s The technical program for the Mon. om 1 
pipe, water tubing, duplex tubing, and _largest. treal Meeting will include symposia on all 
heat-exchanger tubing. They Batteries, Corrosion, Electric Insulation, set, a 
. amount of power developed by the — Flectrodeposition, and Industrial Elec pi 
Saguenay system is used to make alu- trojyties, The number and quality 
Since interest in the extensive in- minum, and will be able to follow the the papers to be presented promis Ladie 
dustrial development of the Saguenay various stages in the production of particularly interesting sessions. Also Th 
Valley area is very general, members finished aluminum ingot from the basic planned nie joint Battery—Electri Met 
have been invited to visit the plants of | raw material, bauxite, which is mined = [yculation round table discussion. 4 pro 
the Aluminum Company of Canada, and shipped from British Guiana. The complete technical program will ing e 
Limited, at Arvida, Quebec. The whole complex installation covers appear in the October issue of the their 
an area about 149 miles long and 
Arrangements will be made to leave mile wide. The chief buildings of the ail 
Montreal on Wednesday evening, Octo- _ plant are the reduction plant proper, uncheons Ladi 
ber 29, by rail, arriving in Arvida the consisting of 22 potlines, a carbon plant, On Monday, October 27, will be held adil 
following morning. During Thursday alpaste plant, rod mill, two ore plants, the general Society luncheon, to which poin 
there will be conducted tours through On" 
the Shipshaw hydroelectric plant, the to. 
very modern Arvida Research Labora- Mor 
tory of Aluminium Laboratories Lim- roa 
ited, and the Arvida Works of the hoti 
Aluminum Company. Transportation ven 
back to Montreal will also be by rail, Ack 
leaving Arvida Thursday evening and | 
arriving in Montreal Friday morning. wil 
A reservation card for this trip will be she 
enclosed with the Program Booklet. This 


should be filled out and returned to ~ ae 
Montreal by October 15. Estimated cost ee ge 


I 
of the trip, based on a lower berth and 7 
including breakfast and dinner at the He 
Saguenay Inn, is about $35. 
The Aluminum Company operates P 
four smelters in the Province of Quebec, St 
the largest being at Arvida. Bulk of the re 
power for aluminum reduction at Arvida ti 
is provided by the nearby 1,200,000 b 
horsepower Shipshaw No. 2 powerhouse. s 
The visitors will have ample opportun- t 


ity to see both of these large installa- 


el 
LAL 
% ee Shipshaw No. 2—Interior view showing aluminum railings i 
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the ladies are invited. A prominent 
gpeaker. who will be announced later, 
vill be present to welcome members 
nd guests to Montreal. Dr. William 
glum will be honored at the luncheon 
s the recipient of an Honorary Mem- 
vership in the Society. Mr. George 
Hogaboom will speak regarding Dr. 
Blum’s contributions to science. 

Plans for the Division luncheons will 
» announced later. 


Dinners and Entertainment 


An informal dinner, preceded by a 
general get-together and cocktails, will 
be held on Monday evening. Special 
entertainment will follow. 

The Acheson Medal Banquet will be 
held on Tuesday evening, October 28, 
at which the Acheson Medal and Prize 
will be presented to Dr. John Wesley 
Marden. The banquet will be preceded 
by a reception for him. Dr. Charles 
slack, Manager of Atomic Power Divi- 
sion of Westinghouse Electric Corpora- 
tion, will speak on both the personal and 
scientific accomplishments of the Meda- 
ist, and Dr. Marden will deliver an ad- 
dress. 


Ladies’ Events 


The Ladies’ Committee, headed by 
Mrs. C. Bruce Brown, has developed 
7 «a program designed to provide interest- 
ing entertainment for the ladies during 
their stay in Montreal. Starting these 
activities will be a get-acquainted tea 
on Sunday afternoon, given by the 
Ladies’ Committee. On Monday after- 
noon, a visit to one or more of the local 
points of interest has been arranged. 
On Tuesday morning, a trip is planned 
to outlying areas in the Laurentian 
Mountains. Luncheon will be served en 
route at one of the many well-appointed 
hotels. The return will be timed con- 
veniently early for attendance at the 
Acheson Medal Dinner. 

For Wednesday afternoon the ladies 
will be offered a number of alternate 
short trips around the city. 

There will be an information desk 
near the general registration desk for the 
benefit of visiting lady guests. 


Hotel Reservations 


The Sheraton-Mount Royal Hotel, 
Convention Headquarters, is located at 
Peel Street, between Sherbrooke and 
St. Catherine Streets, Montreal. It is 
recommended that requests for reserva- 
tions be made early and these should 
be sent direct to Reservation Manager, 
Sheraton-Mount Royal Hotel, Mon- 
tre: |, Canada. In the case of members, 
it i. preferable to use the reservation 
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ecard which will be received with the 
Program Booklet. 


National Instrument 
Conference and Exhibit 


The forthcoming Seventh National 
Instrument Conference and Exhibit, 
to be held in the Public Auditorium, 
Cleveland, Ohio, September 8-12, will 
include as speakers more than 100 out- 
standing scientists and technical special- 
ists from government, educational, and 
industrial organizations. 

This gathering, sponsored by the 
Instrument Society of America, will 
include the American Institute of 
Physics, the American Society of Me- 
chanical Engineers, the American In- 
stitute of Electrical Engineers, the In- 
stitute of Radio Engineers, the Cleve- 
land Physics Society, and the Scientific 
Apparatus Makers Association. An 
attendance of over 10,000 is expected. 


Pennsalt and Sharples 
Chemicals Unite Research 


The Research Department of Sharples 
Chemicals, Inc. will be integrated with 
the Research and Development Divi- 
sion of the parent company, the Pennsyl- 
vania Salt Manufacturing Company, 
according to an announcement by W. A. 
LaLande, Jr., manager of Pennsalt’s di- 
vision. The integration is to take place 
between June 15 and September 15. 

Dr. LaLande states that the physical 
combination of the two experienced or- 
ganic research groups at Whitemarsh 
Research Laboratories, with the sub- 
sequent daily interchange of ideas and 
know-how gives Pennsalt an unusually 
strong organization for attacking a wider 
range of problems in organic technology, 
and for developing new and improved 
products 


ASTM Celebrates 
50th Anniversary 


The American Society for Testing 
Materials, at its 50th Anniversary 
Meeting, held at the Hotels Statler and 
New Yorker in New York City during 
the week of June 22, emphasized the 
importance of standards and research 
in materials. An unusually strong tech- 
nical program included 165 papers in 
some 40 formal and informal technical 
sessions, and 70 reports from the tech- 
nical committees. Added to this were 
450 technical committee meetings and 
the society’s largest exhibit of testing 
apparatus and scientific instruments. 
The meeting attracted a record number 
of engineers and materials men, totalling 
2606. 
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Among the features ot the meeting 
were the 1952 Awards of Merit, given 
to ten technical leaders in the field of 
engineering materials; the Marburg 
Lecture by Dr. R. C. MeMaster, Bat- 
telle Memorial Institute, on ‘“Non- 
Destructive Testing”; and the Gillett 
Lecture by Norman L. Mochel, West- 
inghouse_ Electric Corporation, on 
“Man, Metals and Power.” 


ALCOA Installs 
Huge Rolling Mill 


A huge new rolling mill, costing about 
$4,500,000 and capable of producing 
extra-wide, tapered sheet and plate 
for aircraft, will be installed at Alu- 
minum Company of America’s Daven- 
port, Iowa, works by late 1953. 

Equipment for the mill—which will 
be one of the largest and most modern 
in the aluminum industry—will be 
designed, installed, and operated by 
ALCOA under terms of a lease arrange- 
ment with the United States Air Force’s 
Air Materiel Command. The Air Force, 
in turn, will have first call on produc- 
tion of the new mill. 


Dr. Blum to Be 
Honored at Montreal 


Dr. William Blum, former Chief of 
the Electrodeposition Section of the 
National Bureau of Standards, and 
Past President of The Electrochemical 
Society, was elected to Honorary Mem- 
bership in the Society at a meeting of 
the Board of Directors on June 27. The 
presentation to Dr. Blum will be made 
during the Montreal Meeting, at the 
Society luncheon on Monday, October 
27, with Mr. George B. Hogaboom 
making the presentation speech (An 
account of this will be published in the 
JouRNAL following the meeting). 


MEETINGS OF OTHER 
ORGANIZATIONS 


SEVENTH NATIONAL INSTRUMENT CoNn- 
FERENCE, Cleveland, Ohio, Septem- 
ber 8-12. 

SEVENTH NATIONAL CHEMICAL EXxpo- 
sition, Chicago Coliseum, Chicago, 
Ill., September 9-13. 

AMERICAN CHEMICAL Society, national 
meeting, Atlantic City, N. J., Sep- 
tember 14-19. 

NaTIONAL Metats SHow, Philadelphia 
Auditorium, Philadelphia, Pa., Octo- 
ber 20-24. 

TentH ANNUAL PirrspurGH DirrRac- 
TION CONFERENCE, Mellon Institute 
of Industrial Research, Pittsburgh, 
Pa., November 6-7. 
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SECTION NEWS 


Cleveland Section 


At a meeting of the Cleveland Sec- 
tion of The Electrochemical Society 
neld on May 16, the results of the mail 
ballot for the election of officers for the 
1952-53 season were announced. The 
names of the elected officers are as 
follows: 

Chairman—L. E. Pucher 

Vice-Chairman—N. C. Cahoon 

Treasurer—W . H. Stoll 

Secretary—J. M. Margolis 

N. C. Canoon, Secretary (1951-52) 


Detroit Section 


The new officers for the Detroit 
Section who will serve during 1952-53, 


elected at the closing spring meeting, 

are as follows: 
Chairman—Glenn Coley 

First Vice-Chairman—Dan Trivich 

2nd Vice-Chairman—Wright Wilson 

Secretary-Treasurer—Gerald V. 
Kingsley 

Member of Advisory Committee— 
Henry Brown 


C. O. Durein, Chairman (1951-52) 


India Section 


At the Second Annual Meeting of 
the India Section, which took place on 
June 27 at the Indian Institute of 
Science, Bangalore, the officers listed 


below were elected for the 1952-53 
season: 
Chairman—M. 8. Thacker 


Vice-Chairman—Charat Ram 

2nd Vice-Chairman—K. Rajagopal 
Secretar y-Treasurer—J. Balachandra 
J. BaALACHANDRA, Secretary-Treasurer 


DIVISION NEWS 


Battery Division 


The report of the Nominating Com- 
mittee of the Battery Division has been 
submitted by the Chairman, offering 
the following nominations to be voted 
on at the Montreal Meeting: 

Chairman—Eugene Willihnganz 

V ice-Chairman—N. C. Cahoon 

Secretary-Treasurer—E. J. Ritchie 

Executive Committee—Arthur F. Dan- 

iel and Upton B. Thomas 

According to the bylaws of the Di- 
vision, names of the nominees are to 
appear in the JourNaL prior to the 
meeting at which they will be voted 
upon. Other nominations may be made 
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either by mail or from the floor. Such 
nominations should carry with them 
an assurance of the willingness of the 
nominee to serve. 

J. N. Mreupicu, Chairman (1951-52) 


PERSONALS 


Cart W. BorGMan has been named 
President of The University of Ver- 
mont and State Agricultural College, 
Burlington, Vt. Dr. Borgmann was pre- 
viously at the University of Nebraska, 
Lincoln, Neb. 


Rospert M. Parke, formerly of 
Battelle Memorial Institute, Colum- 
bus, Ohio, is now at the General Elec- 


tric Research Laboratory, Schenectady, 
N. Y. 


Davip ArrkEN has left the Cleveland 
Electric Illuminating Company, Cleve- 
land, Ohio, to join the Brodhead- 
Garrett Company of Cleveland. 


Wituram B. Roserts, formerly of 
Sarkes Tarzian, Inc., Bloomington, 
Ind., has joined P. R. Mallory & Co., 
Inc., Rectifier Division, Indianapolis, 
Ind. 


M. Associate Pro- 
fessor of Chemical Engineering, Hebrew 
Institute of Technology, Haifa, Israel, 
is on a Sabbatical leave from the In- 
stitute and plans to remain in the United 
States for one year. He is now at 265 
Jackson Avenue, Jersey City, N. J. 


K. L. Ramaswamy, formerly deputy 
superintendent (Production), is now 
Technical Secretary to Managing Direc- 
tor, in the Sindri Fertilizers & Chem- 
icals Ltd., Sindri, India. 


M. 8S. Tracker, Indian Institute of 
Science, Bangalore, attended the Con- 
ference Internationale des Grands 
Reseaux Electriques held in Paris dur- 
ing May-June, as Chairman of the Con- 
ference. He also visited some labora- 
tories in Paris and London during this 
tour. 


Witsur H. Rose has transferred to 
Olin Industries, Inc., Covington, Tenn., 
from the company’s plant in New 
Haven, Conn. 


Correction 


Pau. L. Howarp is now associated 
with the Yardney Electric Corporation. 
In the August JourNaL the company 
name was incorrectly given as the Yard- 
ley Corporation. 
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NEW MEMBERS 


In July 1952 the following wer 
elected to membership in The Electr, 
chemical Society: 


Active Members 


ALBerT J. CornisH, Westinghouse Re 
search Laboratories, East Pittsburg) 
Pa. (Electronics) 

Tapayosa Fusrwara, % LC.1. (Japan 
Ltd., 435 Tokyo Hotel Building 
Tokyo, Japan (Corrosion, Electr 
deposition, Electronics, and Theo. 
retical Electrochemistry) 


Vicror C. Garparint, E. I. duPoy 
deNemours & Co., Experimenta) 
Station, Wilmington, Del. (Flee. 
tronics) 


Harnam 8S. Gusrat, Technical De 
velopment Establishment (I.E.) Sun 
derwala Camp, Dehradum (U. P. 
India (Battery) 

Ftoyp Micketson, Motorola Inc. 
Plating Dept., 1327 W. Washington 
Blvd., Chicago, Ill. (Corrosion, Elec 
trodeposition, Electronics, and Theo 
retical Electrochemistry) 

JAMES H. Moore, National Research 
Corp., mailing add: 27 Fuller Ave 
Swampscott, Mass. (Electronies and 
Electrothermic) 

Ketso B. Morris, Department of 
Chemistry, Howard University, Wash- 
ington, D. C. (Electrodeposition, 
Industrial Electrolytic, and Theoreti- 
cal Electrochemistry) 

Joun A. Ricketrs, Western Reserve 
University, mailing add: 1650 Wyan- 
dott Ave., Lakewood 7, Ohio (Theo- 
retical Electrochemistry) 

Etmer M. ScuHneiwer, Westinghouse 
Electric Corp., mailing add: Apt. 
8B, Unit 3, Victory Hts. Apts., 


New Dues for 1953 


In accordance with the action 
of the Board of Directors at the 
May 4th meeting to increase the 
dues 25 per cent, the new rates, 
effective January 1, 1953, will be: 


Active members..... $15.00 

Associate members... . . 9.50 

Student members... .. 3.00 

The action to raise the Society 
dues was deemed necessary in 
order to meet the continued rise 
in the cost of printing, paper, and 
general expenses. 
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Gran’ Central Ave., Horseheads, 
Y. (Electronics) 

ous J. STREEVER, Newport News 
shipbuilding and Dry Dock Co., 
Newport News, Va. (Corrosion and 
Theoretical Electrochemistry) 

Joseph E. Weser, Chemistry Depart- 
ment, Bowling Green State Univer- 
sity, Bowling Green, Ohio (Electro- 
Organic) 


Associate Members 


J. Cervta, Phileo Corp., 
Lansdale, Pa. (Electronics) 

\lorrts E1isENBERG, University of Cali- 
fornia, mailing add: 1508 Oscar St., 
Richmond, Calif. (Eleetrodeposition 
and Theoretical Electrochemistry) 


suDARSHAN D. GoOKRALE, India Govern- 
ment Mint, mailing add: 176A, 
Parshuramwadi, Girgaum, Bombay 
4, India (Electrodeposition, Electro- 
thermic, Industrial Electrolytic, and 
Theoretical Electrochemistry) (For- 
merly Student Associate Member) 
Eveene B. Suuvrz, Jr. Illinois In- 
stitute of Technology, mailing add: 
9847 W. Giddings, Chicago, Ill. (Cor- 
rosion and Theoretical Electrochem- 
istry) 


LETTER TO THE 
EDITOR 


Metallic Water 


Dear Sir: 

Enclosed herewith please find litera- 
ture pertaining to “metallic water” 
invented by the writer, and he entreats 
you to kindly arrange for publication 
of it in the American academic circle 
through your esteemed bulletin. 

It is the writer’s only aim to be en- 
lightened by any criticism or comments 
on a few problems contained in the 
statement, the researches which are left 
incomplete at this time. 

It would be very gratifying to him if 
he could see himself in print and be 
favored with useful reflections upon the 
proposition. 

(General explanation.—This invention 
relates to electrolysis of metals, such as 
iron, tin, copper, lead, gold, silver, 
platinum, zine, aluminum, magnesium, 
manganese, bismuth, cadmium, etc. 

Through process of this invention, 
we can obtain various stable ionized 
metallic solutions by means of a single 
medium of water, instead of media of 
chemicals as has hitherto been prac- 
tice’. We can thereby obtain useful 
chenieals and medicines. 
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So far, it has been next to impossible 
to obtain a solution of metal of single 
componency by the medium of water 
itself, while it is widely known that 
some liquidized metals can be obtained 
through the process of electrolysis by 
ionizing in solution of salts or dis- 
solving in a solvent of specific chemical 
compounds. 

Process.—A partition cylinder (2) is 
placed in a cell (1), the cylinder having 
a branch tube (3) with its end down- 
ward, as shown in Fig. 1. The bottom 
of the cylinder is covered with a piece 
of porous tissue (4). 


@ 
Z 


— 


1 


Place inside the cylinder a metal 
piece (5) to be electrolyzed and put 
another piece of metal (6), such as 
platinum stick, outside the cylinder 
but inside the cell. Pour water into 
both the cell and the cylinder up to the 
level marked (7). The former (5) will 
be connected with the positive pole, and 
the latter (6) with the negative. Then 
charge with direct current of adequate 
voltage, when electrolytic action will 
start. 

After a certain amount of time, the 
metal (5) will be dissolved or ionized, 
escaping through the porous tissue (4) 
toward the negative pole. At the same 
time, a part of the ions, passing into 
hydroxide, will deposit over the porous 
tissue, which will thereby form a semi- 
permeable membrane, and it will cause 
the augmentation of electric resistance. 

When the resistance increases to a 
certain point, the traveling of the greater 
portion of dissolved metallic ions to- 
ward the negative pole will be checked 
by the deposit, while only the water 
outside the cylinder or in the negative 


YOU GET MORE 
TO START 
WITH REBAT 


No idle statement ... that slogan of 
Reading Batteries, Inc. It is the under- 
lying reason why the personal aircraft 
industry, for many years, has been almost 
unanimous in its preference for Rebat 
batteries as original equipment ... the 
reason why Rebat flew the skies in Jimmy 
Doolittle’s planes on the Tokyo raid ... 
in the planes of globe-circling George 
Truman-Cliff Evans ... in Bill Odum’s 
plane on his record-shattering flight 
across the Pacific! It is the reason why 
many of the tanks, Jeeps, trucks, trans- 
port and cargo aircraft, communications 
equipmentand Bell helicopters in World 
War II and in Korea were and still are 
equipped with Rebat batteries! 


“News Of The Day” newsreel camera- 
men rely on Rebat to help bring you on- 
the-spot pictures of news-in-the-making 
all over the world. 


Rebat is proud to have been one of the 
first few battery manufacturers to de- 
velop and produce submersible batteries, 
sealed for water-proof operation, and 
cold-starting types for operation at sub- 
zero temperatures ... to specifications 
unheard of in prior years. 


Such “proof of dependability” is the re- 
sult of painstaking Rebat research, de- 
velopment and production ... the same 
quality control that is applied to the 
manufacture of all Rebat batteries 
whether for everyday automotive appli- 
cations or for your own specific battery 


If you have a battery problem that re- 
quires individual engineering and per- 
sonalized attention, put Rebat’s flexible 
and versatile facilities to work for you. 
Consult our engineering staff at no 
obligation, 


READING BATTERIES, INC. 


READING, PENNSYLVANIA 
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pole chamber will be percolated through 
the tissue into the positive chamber. 

Thus the water in the cylinder will 
rise to the level (8) where the branch 
tube emerges. The overflow of the 
aqueous solution of metal ions will 
then run through the branch tube out- 
ward, drop by drop. The dissoived sub- 
stance thus obtained is chemically 
neutral, despite the fact that it has 
been obtained from the positive pole 
chamber. Though it contains a negli- 
gible minor quantity of hydroxide, it 
maintains the ionized condition per- 
manently. 

Experiments.—The time required for 
the overflow of metallic water varies 
according to the kind of metal and the 
direct current voltage; the economical 
voltage ranges from 100 to 200 volts. 

Usually it requires only a little over 
10 hours for iron, zine, and copper, while 
in the case of gold or platinum, scores 
of hours are required 


Vol- 
ume 
Metal ore | before | solu- | taere. 
dissolved | Volts elution|solution) thon | dient 
rises flows jtained 
for 
hr 
ce % 
Zine 100 | 20 20 | 500 10.003 
Iron 100 | 2 30 | 400 (0.010 
Copper | 100 | 30 30 | 450 0.0036 


Of the various metallic waters ob- 
tained through the above mentioned 
process, zinc, copper, and iron waters 
may keep within a very small quantity 
of contamination of hydroxide for the 
first 3 months, but their principal action 
for either medical, insecticidal, or steri- 
lizing purposes is little affected. 

Utility —Zinc, iron, and bismuth wa- 
ters are now being applied to medical 
treatment in some clinics and hospitals. 
The first mentioned is being used as 
eye lotion and remedies for skin diseases 
and inflammation of the mucous mem- 
brane. It is also used as effective styptic. 
The second is a tonic for anemia. The 
third one is an effective binding medi- 
cine. From their experiments by several 
physicians as well as the inventor, these 
three products revealed marvelous ef- 
fects on the ailments. 

From the viewpoint of gerontology, 
too, the intake of minerals to the human 
body has come to be much talked of 
nowadays. 

The inventor believes that his me- 
tailic waters leave to the academic 
circles of physical chemistry many 
objects for researches. He dares hereby 
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report to the academic eire'» of th, 
U. 8. on his invention and at the same 
time offers some questions 5 afor 
mentioned, on which he desires ey 
lightenment. 

The swelling up of water in th 
cylinder from the level (7) up to (g) js 
an unexplainable phenomenon, whic} 
comes out in the course of the proces 
of producing the metallic water jy 
vented by the writer (Japanese Pate; 
No. 176,670, Feb. 27, 1948). 

Some Japanese chemists simply at 
tribute this phenomenon to an osmoti 
pressure. This conclusion may be jus 
tifiable from the viewpoint of thermo 
dynamics only in the case where th 
density of liquid waters both with 
and outside the cylinder is taken into 
consideration as important factors. 

Granting this conclusion to be con 
vincible, it cannot have any connectio: 
with electric current. In other words 
the swelled water surface shall be main 
tained on the level of (8) as ever, eve: 
after the contact is broken. Neverthe 
less, the water level comes down to the 
level of (7) as soon as the contact is 
broken, according to the writer's re 
peated experiments. This physical phe 
nomenon or chemical action shoul 
bear a nomenclature of “Electro 
osmotic Pressure.” 

I should think, however, it would be 
rather adequate to believe that this 
phenomenon is due to electrolytic solu 
tion pressure. Japanese academic circle 
of chemistry does not approve of it for 
the sole reason that the “Electrolyti 
solution pressure shall be constant.” 

One more thing to which the writer 
desires to draw public attention is the 
fact that the water in the cylinder is 
generally considered to be acidic; but, 
it is in fact found to be neutral. 


* 


After repeated experiments in a sin- 
ilar way to those of zine, iron and cop 
per, the inventor has at last succeeded 
in obtaining a new substance to be 
called “mereurie water.”’ This new solu 
tion is transparent, quite the same 4 
water in appearance, but weighty in its 
specific gravity. 

The quantitative analysis revealed 
that it contains 0.017 grams of mercur) 
per 100 ce of the mercuric water; pl! 
6.3. 

This substance is of wide application, 
especially in clinic and pharmaceutics 
¢ reles 

Kocoro Murakos#l 
Tokyo University, 
Tokyo, 
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300K. REVIEWS 


Monrrorinc 
anp INsTRUMENTS, National Bureau 
of Standards Handbook 51. For sale 
by Superintendent of Documents, 

U. Ss. Government Printing Office 

Washington, D. C., 1952. 33 pages, 

price 15 cents. 

This Handbook summarizes the prob- 
ims involved in radiation monitoring 
and discusses very briefly the various 
types of measurements that it may be 
necessary to make to determine the 
hazard present and also the types of 
instruments used in making these 
measurements. No detailed discussions 
are given nor recommendations of any 
particular instruments. It is a concise 
report on the subject which should 
constitute an excellent guide for all 
who work with radioactive materials or 
other sources of radiation, such as x-ray 
equipment. 


J D. Srruruers 


INTERNATIONAL COMMITTEE OF ELEC- 
TROCHEMICAL THERMODYNAMICS AND 
Kinetics: Proceedings of the Second 
Meeting, 1950. Published by Libreria 
Editrice Politeenica Cesare Tam- 
burini, Milan, 1951. xvi + 407 pages, 
3800 lire. 

This attractive volume contains the 
papers and discussion presented to the 
International: Committee of Electro- 
chemical Thermodynamics and Kinetics 
at its second meeting held in Milan, 
September 18-22 1950. Two brief in- 
troductory sections and an appendix also 
give an account of the business trans- 
actions of the Committee. The authors 
of papers represented the following na- 
tions: Belgium, Canada, France, Ger- 
many, Great Britain, Italy, Spain, and 
the United States. Representatives 
from The Netherlands, Norway, and 
Switzerland were also in attendance. 
The bulk of the papers are printed in 
French, an occasional paper in English 
or German. ; 

The papers are grouped under the 
following headings: Electrochemical 
Equilibrium, Electrochemical Kinetics, 
Corrosion, Applications to General and 
Analytical Chemistry, Polarography, 
Nomenclature, and Fundamental Defi- 
nitions. 

It is difficult to give a comprehensive 
review of the entire volume. Among the 
papers which interested this reviewer 
may be mentioned: the work of Dela- 
hay, Pourbaix, and Van Rysselberghe 
on the potential-pH equilibria for lead, 
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silver, zinc, and their salts, and for 
oxygen, peroxide, and water; Valensi’s 
work on the potential-pH equilibria for 
sulfur and its compounds; Piontelli’s 
remarks on electrochemical kinetics; 
Piontelli and Poli’s work on metal 
polarization; Pourbaix and Van Ryssel- 
berghe’s work on corrosion and passiv- 
ity; Charlot and Gauguin’s applications 
to analytical chemistry; Erich Lange’s 
masterful “Ueber elektrochemische 
Grundbegriffe.” These papers are ex- 
tremely stimulating to the worker in 
electrochemistry, both because of the 
beauty of the experimental results, and 
because of the logical clarity of the 
theoretical formulations. An American 
reader would have to familiarize himself 
with the European formulation of chem- 
ical thermodynamics, in terms of affini- 
ties rather than free energy changes. 
The volume is attractively printed 
and seems to be reasonably free from 
misprints and errors. The figures are 
clearly reproduced and easily legible. 
In conclusion, it might be well to quote 
one of the resolutions adopted at this 
meeting (p. 393): “The International 
Committee of Electrochemical Thermo- 
dynamics and Kinetics most strongly 
recommends to all electrochemists, 
physical chemists, physicists, and en- 
gineers the exclusive use of standard 
electrode potentials based on the so- 
called “European” convention (so- 
called “reduction potentials”), i.e., 
potentials which express the potential 
of the metal with respect to the solution, 
except for an indeterminate additive 
constant. ‘“‘Noble” potentials are there- 
fore positive, and the positive terminal 
of a battery is that terminal whose po- 
tential has the higher positive value.” 
Anpré J. peBéraune 


PAINT AND VARNISH PropucTiION Man- 
vaL by V. C. Bidlack and E. W. 
Fasig. Published by John Wiley & 
Sons, Inc., New York, 1951. vii plus 
288 pages, $6.50. 

The publication of this book was 
sponsored by the Federation of Paint 
and Varnish Production Clubs. It pro- 
vides a compact picture of the modern 
paint and varnish plant, and covers all 
phases of the manufacturing operation. 
The book is divided into ten chapters 
which deal with such topics as Plant 
Location, Plant Design, Choice of 
Equipment, Raw Material Handling, 
Production Scheduling, Personnel, and 
Safe Operation. 

Each topic is discussed in a thorough 
but concise manner which makes the 
book of particular interest to those in 
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supervisory capacities. The book does 
not provide detailed information on the 
formulation or development of organic 
coatings. 

Chapter One titled Physical Facilities 
provides specific recommendations re- 
garding plant location, material handling, 
and power requirements. A suggested 
layout for a modern paint factory em- 
bodying the latest developments in 
design and equipment and similar sug- 
gested layout for a varnish plant are 
presented in subsequent chapters. The 
section entitled Manufacturing Opera- 
tions presents a wealth of information 
concerning good practice in the opera- 
tion of a paint factory. The chapters on 
personnel and cost accounting recom- 
mend modern business practices ap- 
plicable to this industry, while the 
discussion on research and develop- 
ment recommends an organizational 
plan for laboratory work and provides 
a section on methods of test with an 
excellent bibliography covering de- 
velopment methods. The final chapter 
on fire-protection safety and health 
lists the common hazards encountered 
in the manufacture of organic coatings 
and suggests protective measures. The 
book provides a valuable source of in- 
formation for those concerned with the 
manufacture of organic coatings. While 
each topic is discussed somewhat briefly 
a very complete bibliography is in- 
cluded which greatly enlarges the scope 
of the book. 


J. C. Osten 


LITERATURE 
FROM INDUSTRY 


ELECTROMAGNETIC Pump. A new a-c 
electromagnetic pump with no moving 
parts, for pumping liquid metals and 
other low-resistance conducting fluids 
at temperatures up to 1000° F is de- 
scribed in special folder. General Elec- 
trie Co. P-55 


Illustrated folder ex- 
plains simple and accurate operation 
of the Coleman Autotrator for automatic 
titrations. Economical and “made for 
the modern laboratory.”” Burrell Corp. 

P-56 


INSTRUMENTS AND RADIOCHEMICALS. 
New 2-color condensed catalogue list- 
ing latest instruments and radiochem- 
ieals for radioisotope applications in 
the medical, educational, industrial, 
and research fields is available on re- 
quest. Nuclear Instrument & Chemical 
Corp. P-57 


Septen er 1959 


INDUSTRIAL DETERGENT, \ ow gen 
ice bulletin entitled “How Magi, 
Industrial Work Come Clean,’ explains 
how Pensal W works to remove heay 
soils and grease—and gives <ireetions 
for the use of this heavy-duty cctergen 
on clothes, oily wipers, ete. Penngy| 
vania Salt Mfg. Co. Pg 


ALKALINE TIN-LEAD Srrippen. Lite 
ature available about a new alkaline 
chemical for rapid dissolving of tip. 
lead, and tin-lead alloys. Due to alka 
line nature, therc is no attack upor 
base metals such as copper, brass 
bronze, steel, and stainless steels. Does 
not deteriorate with age. Enthone, Inc 


P-59 


SUBMERGED Sar Barus 
New booklet describes seventeen ways 
in which the submerged electrode salt 
bath furnace increases metal heat 
treating efficiency on 10 specific heat 
treating applications in a range from 
1100°F to 2400°F. Ajax Electrie Com 
pany Inc. P-60 


Water DeMINERALIZER. Bulletin de 
scribing the Barnstead Bantam wate 
demineralizer for laboratories. Seven 
important features listed including new 
direct-reading type meter and simple 
efficient operation. Eberbach & Son Co 

P-6| 


MECHANICAL OF NICKEI 
Deposits. Booklet containing 12 pages, 
13 charts, 3 tables, and numerous photo 
micrographs shows the wide range of 
properties that may be obtained in 
electrodeposited nickel by varying the 
solution and plating procedure. Data on 
the interrelation of ductility, strength, 
and hardness in deposits that may be 
obtained in present-day rapid nickel 
plating solutions. International Nicke! 
Co., Ine. P-62 


Laporatory Equipment. July bulle- 
tin “Lab Oratory” features new items 
of laboratory equipment including large 
selection of superior clamps, scales, 
containers, cabinets, etc. Schaar and Co. 

P-63 


To receive further information 
on any product or process listed 
here send inquiry, with key num- 
ber, to JOURNAL of The Electro- 
chemical Society, 235 West 102nd 
Street, New York 25, N. Y. 


Please print your name and ad- 
dress plainly. 
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Type NT—6 
Volt 3.2 AM 


Willard 


has the longest experience 
in the development and 


manufacture of 


Plastic Container 
STORAGE BATTERIES 


This experience is at your disposal NOW... 
to help you meet specialized power needs! 


INCE before World War II, Willard engi- 

neers have been active in the development 
and manufacture of many types of plastic con- 
tainer storage batteries—both independently 
and in cooperation with the nation’s Armed 
Forces. To those whose specialized power 
problems may be answered best by such bat- 
teries, Willard now has the most to offer—in 
experience, in technical “know-how”, in re- 
search and in manufacturing facilities. 


In addition to electrolyte-retaining lead acid 
types, Willard has produced silver peroxide- 


12 OUTSTANDING ADVANTAGES OF 
PLASTIC TYPE STORAGE BATTERIES 


1. Light weight 


2. Compact, space-saving 
3. More economical be- State of charge always 


of 

ball 
4. Non-spilling 10. May be operated in any 
5. Wide range of physical 

sizes W tah 
6. Wide range of electrical at extremely or 

capacities and voltage temperatures 

—— 12. Cells may be joined to- 
7. Shock-resistant con- gether to give multiple 


zinc and copper chloride-magnesium types in 
plastic containers to provide specific advan- 
tages in portable equipment. Single or multiple 
cell plastic units may be molded and combined 
in an almost infinite range of sizes. 


Considerable technical data on plastic con- 
tainer storage batteries for specialized appli- 
cations is available and will be furnished on 
request. To undertake the development of a 
new type, Willard engineers require only in- 
formation on physical dimensions, electrical 
requirements and service conditions. 
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RECENT PATENTS 


Selected for electrochemists by Fred 
W. Dodson, Chairman of the Patent 
Committee, from the Official Gazette. 


May 6, 1952 


Cotton, W. J., 2,595,227, Electrical 
Oxidation of Aralkyl Hydrocarbon 
Kalling, B. M. 8., Sundgren-Walldén, 

R. 8. M., Walldén, 8. J., and Sivan- 
der, K. A., 2,595,387, Method of 
Electrolytically Recovering Nickel 
Lewis, R. W., and Richardson, R. P., 
2,595,963, Primary Electric Cell 


May 13, 1952 


Stuffer, R. S., 2,596,307, Process 
of Electrostripping Electrodeposited 
Metals 

Cooper, D. P. Jr., 2,596,469, Tantalum 
Carbide Filament Electric Lamp 
Containing Hydrogen-Volatile Hy- 
drocarbon Mixture 

Ranby, P. W., 2,596,509, Titanium 
Activated Barium Pyrophosphate 
Phosphor 

Watkins, G. B., and Gaiser, R. A., 
2,596,515, Coating Vitreous Sub- 
stances 

Meiklejohn, G. T., 2,596,583, Electro- 
lytic Cell 

Martin, D. L., 2,596,705, Magnetic 
Alloy 


May 20, 1952 


Marsal, P. A., and Fox, R. P., 2,597,116, 
Air Depolarized Cell 

Schumacher, E. A., and Brooks, P. 8., 
2,597,117, Aqueous Electrolyte for 
Primary Galvanic Cell 

Brooks, P. 8., and Schumacher, E. A., 
2,597,118, Support for Primary Gal- 
vanic Cell Electrolyte 

Schumacher, E. A., and Bennett, R. J., 
2,597,119, Electrode for Air De- 
polarized Primary Galvanic Cells 

Tama, M., Tama, M., and Hoff, J. L., 
2,597,269, Apparatus for the Mold 
Casting of Metals 

Cook, W. J., and Tuck, J. H., 2,597,296, 
Forming Starting Sheets for Electro- 
lytic Refining of Nickel 

Dale, H., 2,597,302, Process for Utiliza- 
tion of the Gas Washing Lye from 
Aluminum Electrolysis in Cryolite 
Production 

Coleman, J. J., and Louzos, D. V., 
2,597,451, Primary Cell; 2,597,452, 
Primary Cell; 2,597,453, Primary 
Cell; 2,597,454, Primary Cell, 
2,597,455, Primary Cell; 2,597,456, 
Primary Cell. 


Jackson, J. H., and Simmons, 0. W., 
2,597,495, Hot Workable Nickel Al- 
loy 

Taylor, M. C., 2,597,545, Electrolytic 
Method 

Froelich, H. C., 2,597,631, Method of 
Preparing Barium Silicate Phosphor 

McKeag, A. H., and Ranby, P. W., 
2,597,660, Zine Sulfide Type Phos- 
phors 

Nicholls, M. B., 2,597,665, Thermo- 
couple 

Salisbury, W. W., 2,597,752, Thermo- 
electric Power Generator 


May 27, 1952 


Eichner, F. L., 2,598,043, Process of 
Preparing Planographic Printing 
Plates 

Coleman, J. J., 2,598,226, Dry Cell and 
Separator Therefor 

Cox, R. B., 2,598,228, Electrolytic 
Apparatus 

Teal, G. K., 2,598,317, Preparation of 
Two-Sided Mosaic Screens 

Teal, G. K., 2,598,318, Method of 
Thickening Relatively Thin Aper- 
tured Metallic Screens 

Andrews, J. W., 2,598,486, Electro- 
lytic Tin Plating Baths 


June 3, 1952 


Handwerk, E. C., and Mahler, G. T., 
2,598,741, Smelting of Zinciferous Ore 
Handwerk, E. C., and Mahler, G. T., 
2,598,742, Smelting of Zinciferous Ore 
Waring, R. K., Fetterolf, L. D., and 
Hurst, T. L., 2,598,743, Zine Smelting 
Handwerk, E. C., and Mahler, G. T., 
2,598,744, Smelting of Zinciferous Ore 
Handwerk, E. C., and Fetterolf, L. D., 
2,598,745, Smelting of Zinciferous Ore 
Frary, F. C., 2,598,777, Recovering 
Gallium from Metallic Aluminum 
Renman, G., 2,598,833, Process for 
Electrolytic Deposition of Iron in the 
Form of Powder 
Holt, M. L., and Seim, H. J., 2,599,178, 
Electrodeposition of Alloys of Molyb- 
denum with Cobalt, Nickel, and Iron 
Hopkins, R. K., 2,599,179, Furnace 
Electrode 
Bennett, A., Prince, D. H., and Ed- 
wards, G. E., 2,599,363, Electrolytic 
Cell 


June 10, 1952 


Tuwiner, 8. B., and Korman, 8., Appli- 
cation 30,750, Dialytic Purification 
of Used Copper-Refining Electrolyte 

Justin, F. H., Application 48,672, 
Galvanic Anode Assembly 

Shwartzman, G., 2,599,587, Process of 
Preparing an Antibacterial Substance 
from Pyridoxamine 


Sept: 195 


Lark-Horovitz, K., and Ay 
plication 64,034, Method Alteriy 
the Electrical Characteristis of 
conductors 

Rajtora, V., 2,599,779, Electric Furng, 

Elisworth, J. T., Ellsworth, M., 4 
ministratrix of said Ellsworth, J, 7 
deceased, 2,599,816, Purification , 
Zine Electrolytes 

Hackmann, J. T., 2,600,054, Process jy 
Preparing Esters 

Gelfand, M., and Richman, [. \, 
2,600,107, Electrolytic Bone Decale; 
fication Process 

Sagen, G., 2,600,171, Regeneration ,j 
Chromic Acid Baths Utilized ; 
Electrodeposition of Chromium 

Caird, D. W., 2,600,202, Method {y 
Polymerizing Chlorotrifluoroethy|en 

Prener, J. S., 2,600,263, Arsenic Ac 
tivated Zinc Sulfide Phosphor ay 
Method for Making Same 

Tuttle, C. M., 2,600,343, Method 
Making Conductive Patterns 

Wernlund, C. J., 2,600,352, Brig) 
Zine Electroplating 


June 17, 1952 


De Voe, C. F., 2,600,490, Glass Melting 
Method 

Ruedy, J. E., and Williams, F. § 
2,600,579, Method of Making Phos 
phor Screens 


EMPLOYMENT 
SITUATIONS 


Please address replies to box shown 
© The Electrochemical Society, lu 
235 W. 102nd St., New York 25, N.Y 


Positions Wanted 


CuemicaL Enoreer, BS. 1939 
M.S. 1952, 6 years’ industrial plus 4 
years’ Civil Service experience in ele 
trochemical field (plating, batteries); 
supervision, development, 
Adaptable, mechanically inclined. Ava'- 
able September. Reply to Box 349. 


Evecrrocuemist, Ph.D., industnal 
experience in deposition, corrosio! 
analytical instrumentation. Present 
ary $6500. Desires position in industry. 
Available in 15-30 days. Reply to Bor 
350. 


Position Available 


Supervisor, Plating and Painting 
Departments of small manufacturing 
company in Philadelphia area. Must be 
qualified and experienced in productio" 
techniques and control method-. Rep! 
to Box A-241. 


| 
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Eleetrochemists Contribute to Corrosion Progress 


Ty HIS recent scholarly review of developments relating to 
corrosion Wilson Lyons discussed two productive periods, the first in the early 19th 
century and a second, during which many of the “theories and facts established in 
the earlier one were rediscovered or elaborated, or both,’’ which is in progress. In 
such a “rapidly developing field ...it is well to look backward occasionally for il- 
lumination and inspiration.”’ This “illumination” seems to show that enduring progress 
is being made in our Society. 

In The Electrochemical Society, which has one division devoted to theoretical 

considerations and eight others slanted toward certain practical applications of electro- 

eltin chemical science in specific fields, corrosion phenomena have, through the years, 

received serious study and discussion. Our active (and prosperous!) Corrosion Division 

* has among its members many of the foremost workers in this field. Typical of their 

activities is the “Corrosion Handbook,” sponsored by the division, edited by our own 

Herbert Uhlig, and contributed to by many division members. The value of this 

work is confirmed by its financial success, the returns from which are being used to 

» stimulate further electrochemical development, such as the Palladium Medal Award 

nown -f the Society. The Handbook itself seems an enduring landmark and lighthouse for 
‘¢ the guidance of wandering investigators. 

At times when we may be wondering why we work to preserve and improve the 

Society—as thoughtful people often do about their activities—we can be assured 

that such accomplishments are real contributions to the peace, comfort, and rightness 


of human existance. —R. J. McKay 
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ELECTROCHEMISTRY 
goes to sea... 


to fight costly 


hull corrosion 


Costly hull corrosion is now being controlled by an electrochemical 
method . . . cathodic protection. 


This method has proved successful in combating corrosion in under- 
ground pipe lines, tanks and industrial equipment. Now it is being 
used, for the first time on a large American commercial vessel, by Dow 
on the “Marine Chemist,” the 13,000 ton leased tanker which trans- 
ports chemicals from Dow’s Freeport, Texas plant to the east coast. 


Hull corrosion results from small electric currents flowing through the 
sea from the more active to the less active parts of the hull, removing 
particles of metal from the active areas. This is prevented by trans- 
ferring the current flow, and that’s where cathodic protection comes in. 


Magnesium anodes are installed on the sides of the ship’s hull. Mag- 
nesium, a very active metal, becomes the most active area of the ship’s 
hull, and current flows from it instead of the steel hull. Only the anodes, 
which can be inexpensively replaced, are corroded. 


Dow’s work in the development of cathodic protection is but one out- 
standing contribution of Dow, a producer of over 600 chemicals for 
industry and agriculture, in the field of electrochemistry. } 


THE DOW CHEMICAL COMPANY «+ MIDLAND, MICHIGAN 


The magnesium anodes, shown here 
being installed on the “Marine 
Chemist,” are about 20 inches in 
length and weigh 60 lbs. They were 
designed to last a year. 


Dow. 
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The Corrosion Division of The Electrochemical Society 
formed in 1942. Five other divisions were organized 
lier and three later. Thus, while it was not among the 
st divisions, it is not a neweomer. In fact the Society’s 
sterest in corrosion stems back much earlier to the very 
hginnings of the Society. Papers on corrosion always have 
awn a lively interest. 

The first papers on corrosion appeared in 1903 in the third 
molume of the TRANSACTIONS, one dealing with galvanic 
rosion and one with stray currents. Other papers soon 
lowed and by the time of the first ten-year index there was 
sn impressive array of articles, many of them dealing with 
Electrolytic Corrosion.” In essence, the lack of homogeneity 
1 the metal was considered to be a major factor in corrosion, 
though the importance of oxygen and overvoltage were 
neognized. In 1905, the Society awarded $100 to A. T. 
Lincoln for his research on the electrolytic corrosion of brass. 
ln 1908, President C. F. Burgess devoted his presidential 
uidress to “Corrosion of Iron from the Electrochemical 
standpoint.” 

The first real symposium on corrosion took place in 1912 
vith six papers on “‘Corrosion of Iron and Steel.’’ The effect 
of impurities on the corrosion behavior of iron continued to 
xeupy considerable attention, until it was finally settled that 
sme impurities, specifically copper, were beneficial in at- 
mospherie corrosion. In 1922, R. J. McKay contributed his 
dassic paper in the TRANSACTIONS establishing that concen- 
tration cells in the liquid environment could be a major cause 
of corrosion. 

In 1921 a large symposium on corrosion was held, with 
Colin G. Fink presiding, at which 16 papers were presented. 
The Technical Committee on Corrosion was formed about 
this time. This committee can be considered the forerunner 


re { the Corrosion Division. The officers of this committee as 

e recorded in the TRANSACTIONS were as follows: 

re Chairman 
1922-25 C. G. Fink’ W. M. Corse W. D. Richardson 
926-29 R.J.MecKay W.M. Corse F. N. Speller 
1930-33 F.N.Speller R.J. McKay U. R. Evans 

J. Johnston U. R. Evans F. J. Kenny 
1935-39 §S.M. Norwood U.R. Evans O. B. J. Fraser 
IMO-44 S.M. Norwood F.N. Speller O. B. J. Fraser 
145 8S. M. Norwood F.N. Speller F. L. LaQue 


Interest in corrosion continued to grow with a symposium 
in 1924 with B. D. Saklatwalla presiding, and another in 
'930 with F. N. Speller presiding. The latter symposium 
dealt with the Prevention of Corrosion of Metals in the 
Automotive Industry. In 1933 the Technical Committee on 


"Research Laboratory, International Nickel Company, 
Bayonne, New Jersey. 


HISTORY OF THE CORROSION DIVISION 
H. R. Copson* 


Corrosion organized an International Convocation on Cor- 
rosion which was held in Chicago. Five of the eleven papers 
had foreign authors. 

Beginning about 1930 the Corrosion Committee published 
reports summarizing progress in the field of corrosion during 
the year. These took the form of general reviews or of short 
abstracts. In 1935 these reports were formalized into detailed 
literature surveys. For a time U. R. Evans handled the 
eastern hemisphere, and 8. M. Norwood or O. B. J. Fraser 
covered the United States. Subsequently the work was passed 
around with contributions by W. Z. Friend, W. D. Forging, 
J. F. Mason, and H. O. Teeple, and finally it was made a group 
undertaking 

The Society kept pace with the expanding interest in cor- 
rosion by presenting more frequent and larger symposia. 
Among these were: 1936, “Inhibitors,” J. C. Warner pre- 
siding; 1938, “Corrosion and pH,” R. M. Burns presiding; 
spring of 1939, “Corrosion of Alloys,” T. P. Morral presiding; 
fall of 1939, “Influence of Cathodic Reactions on Corrosion,” 
R. B. Mears presiding. In the spring of 1942, another large 
symposium involved 15 papers, with R. B. Mears presiding. 

Other organizations were also taking an increasingly active 
part in the field of corrosion. In 1938 the American Coordin- 
ating Committee on Corrosion was organized, and in 1941 
the first annual AAAS Gordon Research Conference on 
Corrosion was held at Gibson Island. About the same time 
the annual meetings of the Sea Horse Institute got under way 
at Kure Beach, North Carolina. 

The Corrosion Division of The Electrochemical Society 
was organized on a formal basis in 1942. L. G. Vande Bogart 
was the moving spirit. Approval of the Board of Directors 
was obtained in May 1942, and a number of committees were 
formed which reported at the Detroit meeting in the fall of 

1942. Bylaws were adopted and officers elected. Active 
participants in the organizational meeting were L. G. Vande 


Bogart, R. H. Brown, R. M. Burns, K. G. Compton, J. D.. 


Hanawalt, F. L. LaQue, J. A. Lee, W. 8. Loose, R. E. Me- 
Nulty, R. B. Mears, J. C. Warner, W. A. Wesley, and others. 
The officers of the Corrosion Division have been as follows: 


Chairman Vice-Chairman Secretary-Treasurer 
1942-44 L.G. Vande Bogart H. H. Uhlig R. H. Brown 
1944-46 _H. H. Uhlig R. H. Brown I. A. Denison 
1946-47 H. A. Pray H. J. I. A. Denison 
1947-48 H. J. McDonald M.G. Fontana I. A. Denison 
1948-49 M.G. Fontana I. A. Denison J. M. Pearson 
1949-50 I. A. Denison J. M. Pearson N. Hackerman 
1950-51 N. Hackerman H. R. Copson J. M. Bialosky 
1951-52 H.R. Copson F. W. Fink J. M. Bialosky 


The Corrosion Division grew rapidly—from 80 members 


in 1943 to 250 in 1944. In a Directory of the Corrosion 
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Division, published in 1948, some 574 members were listed, 
although possibly some cancellations or deaths were in- 
cluded in this figure. The recently published Directory of 
Members of The Electrochemical Society lists 508 confirmed 
members of the Corrosion Division which makes Corrosion 
one of the larger divisions of the Society. 

Every year since its organization the Division has spon- 
sored a symposium on corrosion with the division chairman 
presiding. The only exception was in 1945 when the scheduled 
meeting was canceled because of the war. The Corrosion 
Division meetings are now held at the fall convention of the 
Society, although through 1948 they were held in the spring. 
The emphasis at these symposia has always been on funda- 
mental considerations and the theoretical basis of corrosion. 

In 1945 the National Association of Corrosion Engineers 
completed its organization and the first issue of the magazine, 
Corrosion, appeared in March 1945. While this organization 
embraces the entire field of corrosion it has emphasized the 
practical aspects. This division of interest undoubtedly will 
continue with many practical papers appearing in Corrosion 
and the more theoretical papers in the Journat of The 
Electrochemical Society. The Corrosion Division provides 
a place for the discussion and publication of fundamental 
work which is necessary for future developments in the field of 
corrosion. 

In 1947 The Electrochemical Society and the National 
Association of Corrosion Engineers organized a joint sym- 
posium on cathodic protection which was held in Pittsburgh. 
The papers presented were published in book form and have 
brought some profits to the Society. Other joint sessions have 
been held by the local sections of the two organizations. The 
Electrochemical Society was also one of the sponsors of the 
Pittsburgh International Conference on Surface Reactions 
which was concerned with corrosion. 

After its organization, the Corrosion Division took over the 
activities of the Technical Committee on Corrosion. The 
annual literature surveys were continued through 1945. 
While these were useful there was a feeling they were not 
adequate because they always appeared a year later. A greatly 
expanded abstract service now appears monthly in Corrosion. 
More recently Jndustrial and Engineering Chemistry has been 
publishing an annual review of the new literature on Materials 
of Construction. 

A major undertaking of the Corrosion Division was the 
“Corrosion Handbook.” This was conceived at the time of 
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the organization of the Division. The Board of Direct), 
authorized the Handbook in 1943, and by 194) ali 4, 
chapters had been assigned on a voluntary basis. Most of ¢), 
authors were active members of the Corrosion [iyigip, 
Included was a Glossary of Terms Used in Corrosion whic 
was published in the TRANSACTIONS as soon as complet 
The contract for the “Corrosion Handbook” was placed wit! 
J. Wiley & Sons, Inc. in 1947 and the first copies appear 
early in 1948. 

The “Corrosion Handbook” is the most authoritative pubj 
cation in the field of corrosion, and its success has been oy; 
standing. Over 10,000 copies have been sold to date, ani 
royalties have accumulated to over $16,000. This fund hy 
been set aside to be expended by the Corrosion Division wit} 
the approval of the Board of Directors on projects relating 
to the corrosion program of the Society. The Corrosio; 
Handbook Fund is administered by a committee consisting 
of the Chairman of the Corrosion Division, the Editor of thy 
Handbook, a member of the Editorial Advisory Board of thy 
Handbook, and a representative of the Board of Directors 
of the Society. 

The fund has been used to establish a Prize Essay Contest 
for students in an endeavor to awaken interest in electro 
chemistry and corrosion. The subject of the present contest 
is, “The Electrochemical Nature of Corrosion.” The fund 
has been used to defray part of the local expenses of foreign 
visitors to meetings of the Theoretical Division in Washing 
ton, Philadelphia, and New York. The fund also provides « 
reserve for expenses involved in a revision of the “Corrosion 
Handbook”’, which will be needed in due course. 

In 1950 the fund was used to found the Palladium Meda! 
of The Electrochemical Society. The Palladium Medal was § 
established to encourage research and achievement in the 
study of corrosion of metals and its control. It is awarded in 
recognition of accomplishments in this field or in theoretica! 
electrochemistry upon which our understanding of corrosion 
is based. The first award was made to Dr. Carl Wagner in the 
fall of 1951, who then delivered the first Palladium Medal 
Address. 

The Corrosion Division is proud of its accomplishments, 
and is alive to the present trends. It is expected that im 
portant developments in corrosion will continue to be pre. 
sented at its meetings. A list of authors of past papers would 
include practically all the great leaders in the field; many o! 
these names have appeared in this history. 
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(ne year after the founder members of the Society deliber- 
ied at their first meeting in Philadelphia, Willis R. Whitney, 
ter to become 9th president of the Society, published his 
nous paper on the electrochemical theory of corrosion. 
The paper was widely read both here and abroad, and the 
as expressed were duly acclaimed or opposed, in either 
stance with great vigor. It was natural that the new Society, 
‘hich occupied within its sphere of interest all matters 
Jectrochemical, should have immediately included corrosion 
«one of the subjects eligible for the lively and sometimes 
morous discussions recorded at the early meetings. 

In 1903, the year of Whitney’s paper, a discussion of cor- 
msion appeared in Volume III of the Transacrions by 
J. Reed, entitled “Protective Action of Zinc Chloride on 
on” in which the introduction contained the following 
statement: “It is now generally recognized that the rusting or 
yxidation of metallic iron in the presence of water and saline 
wlutions is an electrochemical process, the water or saline 
wlution being the electrolyte and the metallic iron the anode. 
small particles of graphitic carbon and other impurities or 
loys serve as cathode to form local electrolytic circuits.” 
Volume IIIT contained, in addition, papers on the corrosion 
metals by electrolysis, and the corrosion of aluminum, with 
iscussion of stray current corrosion and cathodic protection 
sing sacrificial anodes. In fact, it appears that by 1900, the 
ractical use of zine to protect boilers, condenser tubes, and 
ships was well established, even though the principles were not 
s yet fully understood. One discussion of that day mentioned 
, copper-plated steel ship badly corroded along damaged 
reas, for stated reasons that are acceptable today. Mention 
vis also made of aluminum hulls corroded by stray current 
id of aluminum plates that failed, fastened by iron rivets 
to a manganese-bronze hull. 

The announcement of corrosion as an electrochemical 
process probably came as no great surprise to charter members 
ithe Society. The general relationship of corrosion to elec- 
twchemistry was suspected by several electrochemists of that 
eriod and was recognized in at least a qualitative way. 
\hitney’s main contribution was a clear formulation of the 
theory, tying in the new facts of physical chemistry then 
rginating from European laboratories headed by Ostwald, 
\rrhenius, and Nernst. Also, Caspari (1899) had just de- 
«ribed hydrogen overvoltage for the first time, and Whitney 
ucluded recognition of this phenomenon in his theory, al- 
ough he did not mention it by name. W. H. Wollaston as 
arly as 1801, had implied in a paper published in the British 
Philosophical Magazine that corrosion was electrochemical, 
ind in 1830 de la Rive in France made quite clear that the 
orrosion rate of zine depended on cathodic impurities and on 
the conductivity of electrolyte. In fact, just before Whitney’s 
viper appeared, Ericson-Aurén and Palmaer of Sweden, pub- 
shed in 1901 to 1903, papers on the electrochemical corrosion 
' zinc. Also in 1900, a brilliant senior thesis by Carl Ham- 
wechen appeared in the Bulletin of the University of Wis- 
onsin on the electrochemical nature of the corrosion of 
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REVIEW OF DEVELOPMENTS IN CORROSION 


DEVELOPMENTS IN CORROSION DURING THE PAST 
FIFTY YEARS, A BRIEF REVIEW 
Herbert He Uhlig* 


iron, a paper that somehow has been completely neglected 
in the corrosion literature. But it was Whitney’s paper 
above all others that persuaded many other workers that 
corrosion held interest as an important electrochemical 
process. It was also timed just about right to answer ques- 
tions which engineers of that period raised concerning hope 
of alleviating the slow, inevitable disintegration of equip- 
ment, machinery, and structures then being made of metals 
on a large scale. 

One of the men stimulated by Whitney’s paper was Pro- 
fessor W. H. Walker who founded at Massachusetts Institute 
of Technology the first department of chemical engineering 
in this country. Walker and his students studied the effects of 
dissolved oxygen as a cathodic depolarizer of corrosion cells, 
and showed that the corrosion rate of iron was proportional to 
dissolved oxygen concentration. It was this work which led 
to the proposal of vacuum deaeration for corrosion control, 
and which pointed to one of the major means for protecting 
steam boilers from corrosion. Walker also proved that carbonic 
acid was not essential to initiate corrosion, contrary to strong 
ideas held by some at that time. But, while Walker and others 
were making significant contributions to the subject on the 
basis of the electrochemical theory, a number of papers 
appeared in England opposing the ideas of Whitney and 
proposing instead that corrosion was a direct chemical re- 
action involving either peroxides or colloids. This fruitless 
discussion continued into the early 1920’s when the over- 
whelming evidence in favor of the electrochemical theory 
pushed the opposition into obscurity. 

The expanding use of steel for buried structures, vibrating 
machinery, high-temperature applications, and high-velocity 
liquids brought recognition that corrosion could appear in 
forms other than rusting or pitting. Between 1910 and 1920, 
papers appeared describing microbiological corrosion, corro- 
sion fatigue, stress corrosion cracking (caustic embrittlement), 
and cavitation. G. Tammann of Géttingen announced in 
1920-22 the parabolic and logarithmic equations for tarnish 
and high-temperature oxidation of metals. About 10 years 
later, C. Wagner showed that this type of corrosion was also 
electrochemical in nature, the responsible cells differing in 
detail from those operating in aqueous corrosion. 

By 1920, considerable work had started both in this 
country and abroad on various phases of corrosion as affecting 
not only ferrous but also nonferrous metals. The Research 
Laboratory of Applied Chemistry at Massachusetts Institute 
of Technology at this time began a series of studies on the 
fundamentals of corrosion supported in part directly, and for 
the first time, by industry. It was this research, along with 
parallel work elsewhere, that marked the beginnings of 
corrosion engineering. It also stimulated in some measure the 
publication of “Corrosion, Causes and Prevention” by Frank 
N. Speller, who acted as liaison for the National Tube 
Company, then major sponsor of the M. I. T. corrosion re- 
search. Meanwhile, convincing quantitative fundamental data 
were accumulating in England, and the science of corrosion 
was introduced as a challenging field of study. U. R. Evans’ 
book, ““The Corrosion of Metals,”’ published in 1924 and his 
later volume, ‘‘Metallic Corrosion, Passivity and Protection,”’ 

were especially influential in this regard. In 1936, the first 
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volume of ‘“Korrosion Metallischer Werkstoffe” appeared by 
Bauer, Kréhnke, and Masing summarizing among other data 
the early fundamental investigations of corrosion by Heyn 
and Bauer (1908) in Germany. Also in 1936, McKay and 
Worthington made available their “Corrosion Resistance of 
Metals and Alloys” which was especially weleomed by the 
active, growing field of chemical engineering. Three years 
later, Burns and Schuh published their valuable book on 
“Protective Coatings for Metals.” The corrosion literature by 
this time had grown to sizeable proportions, indicating an 
expanding interest in the subject by industry anc by those 
in research. 

The use of chromates as possible inhibitors was announced 
by Dunstan, Jowett, and Goulding in the Journal of the 
Chemical Society for 1905. Cathodic protection in the form of 
sacrificial anodes or as sacrificial coatings was in common use 
when the Society was first founded, as mentioned earlier, but 
the use of applied currents for this purpose was apparently 
first tried in England in 1910 and in this country in 1912. 
Today, cathodic protection represents a major approach to 
corrosion control, and, as a new technology, accounts for the 
employment in this country of engineers in the hundreds and 
auxilliary personnel in the thousands. Hot-water vacuum 
deaeration was first described by W. H. Walker in Volume 
14 of the Transactions in 1908. This same year, zine chro- 
mate pigments were described in Science by A. 8. Cushman. 

The stainless steels appeared on the market in the early 
1920’s followed by several of the corrosion-resistant alloys so 
familiar to chemical engineers today. Earlier, aluminum- 
bronze, Admiralty metal, Monel, and silicon cast iron were 
described and were at least in limited use. The tremendous 
advances in the corrosion-resistant alloy field in recent years 
requires no elaboration. 

Corrosion testing in this country began soon after organi- 
zation of the Society. In 1906, A.S.T.M. organized Committee 
A-5 to conduct fact-finding service tests on ferrous materials. 
Many other types of service tests followed. The important 
soil corrosion studies of the National Bureau of Standards 
were begun in 1922. In 1935, the Kure Beach Marine Test 
Station of the International Nickel Company, Inc., was 
established near Wilmington, North Carolina. With present 
expanded facilities at Harbor Island, this has now become 
perhaps the largest marine corrosion test station in the world. 

In more recent years, the increasing awareness of industry 
of its concern with corrosion problems has led to the establish- 
ing of industrial corrosion laboratories, some of which have 
made major contributions to our present knowledge of the 
subject. Corrosion laboratories have been established, for 
example, by Aluminum Company of America, The Inter- 
national Nickel Company, Shell Development Company and 
several other oil companies, Bell Telephone Laboratories, 
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DuPont, Battelle Memorial Institute, Dow Cher. jeq) Con 
pany, and Aluminum Company of Canada, Ltd 

A marked stimulus to corrosion research was pi ovided | 
the emergencies of World War II. The Armed Seryjccs | 
came acutely aware of corrosion and its importance, especia) 
as equipment ranging from delicate electronic instruments, 
machine gun parts rapidly failed in shipment across 4 
oceans or in the corrosive atmospheres of the tropics! region 
It was this situation that led to much of the current fy, 
mental research in corrosion at various university laboratorie 
sponsored in major part by the Office of Naval Research 4) 
to a lesser extent by other branches of the Armed Services 4) 
by industry. 

Although interest in corrosion by the Society was maiy 
tained from the very beginning, the growing importance of t! 
field was finally expressed by organization of the Corrosigj 
Division in 1942. In addition to holding annual SyMposi On thi 


one of the first accomplishements of the Division was publilmmit is fitti 
cation of the “Corrosion Handbook” in 1948. The wide salaimPatterso 
of this book here and abroad have done much to cement thamehemistr 
strong link which exists between corrosion and the Societ ntribu 
interests. The Corrosion Division is now one of the strongefi/m\ice-Pre 
in the Society both in membership and papers published ears D) 

The National Association of Corrosion Engineers witively 
founded in 1945 and has presently a membership of over 30)(troplatit 


indicating an impressive growth of corrosion engineeringmmypersonal 
When N.A.C.E. was first organized, it was agreed betweeqmmstudents 


the officers of the Corrosion Division and the officers of t y dem 
Association that engineering papers would be steered largeji™snal m: 
toward publications of the Association, whereas fundamentam To D 
papers would be submitted to and published by the Societyiii chemist 

With the present pronounced trend toward conservation cftion. Ri 
our national resources and with industry even more keenjimthe ans 
interested in prolonging the life of equipment and structurejMany ac 
the subject of corrosion has gained a mature status in civ { mat 
federal, and industrial planning. The corrosion engineer angi nsisten 
corrosion scientist in addition to serving industry havgii§«entif 
proved their value to the world’s economic well-being anijtions f 
future survival. memor 

The Electrochemical Society can take pride in the role jj goup | 
assumed very early in the development of corrosion, which appear 
now continues as a conspicuous part of its activities ani than a 
services. Oliv 
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On this golden anniversary of The Electrochemical Society, 
t is fitting that this Society pay special tribute to Oliver 
Patterson Watts, the dean of professors of applied electro- 
hemistry in the United States, who has made scientific 
ntributions to the Society for these fifty years and was its 
Vice-President in 1926 and 1927. Despite his eighty-seven 
ars Dr. Watts is still to be found in his small laboratory 
actively engaged daily in experiments on corrosion and elec- 
troplating. Never has he abandoned laboratory work and 
yisonal experimentation for desk work. His direction of 
tudents in experimentation and research has always been 

y demonstrations in the laboratory through his own per- 
onal manipulations. 

To Dr. Watts, exploring the complex problems of electro- 
hemistry and corrosion has been a work of love and devo- 
ition. Reliance upon experimentation and an attempt to find 
the answers which nature provides have always preceded 
ny acceptance of results formulated by the extrapolation 
{ mathematical equations. In the classroom Watts has 
usistently stressed the ability to think and to explain by 
vientific reasoning, and has demanded full scientific explana- 
tions for all answers without depending upon statements 
memorized from textbooks. Dr. Watts belongs to the small 
group of scientists who are always distinguished as such by 
pearance and behavior. There is no mistaking him for other 
than a distinguished and scholarly scientist. 

Oliver Patterson Watts was born in Thomaston, Maine, 
luly 16, 1865, the son of Joseph B. and Maria Patterson 
Watts. Following his graduation from Bowdoin College in 
89 and one year of graduate studies at Clarke University 
! Worcester, Massachusetts, he taught as a principal of the 
gammar school in his home town of Thomaston, for two 
ears. After this, he taught chemistry and physics for six 
ears in Franklin Academy and for five years in the city high 
vhool at Waltham, Massachusetts. 

While at Waltham he became interested in the great de- 
‘elopments in applied electrochemistry which were then 
receiving major attention on the part of those developing 
the chemical industry of the United States. In 1898, a de- 
partment of Applied Electrochemistry had been established 
it the University of Wisconsin by Professor Charles F. 
Burgess. Accordingly, in 1902 Watts went to the University 
i Wisconsin to study electrochemistry under Professors 
Burgess and Louis Kahlenberg and received, in 1905, the 
‘rst doctorate degree offered by the departments of electro- 
chemistry or chemical engineering. His thesis was entitled, 
‘An Investigation of the Borides and Silicides.” In the same 


y Department of Chemical Engineering, The University of 
Wisconsin, Madison, Wisconsin. 


OLIVER PATTERSON WATTS 


Pioneer Teacher of Electrochemistry 


O. A. Hougen* 


year the Trustees of the Carnegie Institution of Washington 
established a research grant of $2500 a year for a period of 
five years “to investigate the properties of electrolytic iron 
and its alloys.” This project was assigned to Dr. Watts for 
direction and performance. In the fall of 1905 the department 
of chemical engineering was established at Wisconsin and the 
department of applied electrochemistry was merged with it. 


Ouiver P. Warts 


Watts remained as an instructor and professor in applied 
electrochemistry until the time of his retirement in 1937 
and since then has continued up to the present in solitary 
laboratory experimentation without any salary or compensa- 
tion beyond the love of finding out for himself the answers 
which nature will always provide to those who search dili- 
gently and with an inquiring mind. 

Watts’ first wife, Mary J. Orton, the daughter of President 
Edward Orton of Ohio State University, was his devoted 
and inspiring companion until her death some years after 
his retirement. In 1948 he married Estella Nuzum Jones 
who has been the faithful helpmate of his later years. 

The list of “Conundrums in Corrosion” published herewith 
represents the inquiring approach which Watts always pur- 
sued in his teaching methods, constantly prodding the stu- 
dents to give answers based upon profound and sustained 
scientific thinking from premise to premise without relin- 
quishing the thought pattern until an answer was obtained 
by rigid inquiry rather than from memorized statements. 

The scientific works of Dr. Watts, of which 31 papers 
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appear in the Transactions of the Society, include the gen- 
eral theories and applications of electrochemistry, rates of 
corrosion, the rusting of iron, the effects of dissolved oxygen 
and water line on corrosion, the grading of corrosion-resisting 
alloys, the behavior of voltaic couples; in electroplating, the 
problems of embrittlement, dezincification, structure of elec- 
trodeposits, and the effect of addition agents. In electro- 
metallurgy Watts early investigated the production of calcium 
carbide, carborundum, the borides, silicides and nitrides of 
metals, and hundreds of alloys. In 1924 he received the hon- 
orary degree of Doctor of Science from his alma mater, 
Bowdoin College. 

Dr. Watts never concerned himself with financial rewards 
for his endeavors. His consulting services were given without 
thought of compensation. His development of the hot nickel- 
plating bath, now used throughout the world and universally 
known as the “Watts Bath,” has been repeatedly declared 
to have earned millions of dollars for the plating industry. 
It brought him no monetary compensation. The following 
statement has been taken from the biography of Charles F. 
Burgess by Alexander McQueen, entitled “A Romance in 
Research.” 


‘Early in 1913 the Chicago branch of the National Electro- 
Platers Association notified Burgess that he and Dr. O. P. 
Watts had been elected honorary members of the branch. 
This friendly gesture was prized highly, because these 
electroplaters were practical men in the shops, and their 
action proved that they recognized the value of scientific 
research as applied to the processes of their work. Soon 
afterwards the National Electro-Platers Association became 
the American Electro-Platers Society, and again Burgess 
and Watts received honorary membership, this time nation- 
wide, in the new organization. They shared the honor with 
several other prominent men, including Burgess’s old ac- 
quaintance Professor Joseph W. Richards, of Lehigh, and 
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Dr. George F. Kunz of Tiffany and Co., write of Many 
books on the lore of precious stones. Burgess nd Wy;, 
never lost touch with progress in the electroplating fig, 
and Watts earned the lasting gratitude of the trade 
working out an improved high-speed method of pic, 
plating on iron and steel which is still known as ‘he Wy), 


Bath.”’ 


A wise choice and use of hobbies are good reasons {oy , 
long and active life. Watts has always been fond of the oy 
of-doors. Until his retirement at the age of seventy, Dr. and 
Mrs. Watts continued to spend their summers sailing alo, 
the coast of Maine. His sloop, Kestrel, was an able and ey, 
fortable boat, thirty-one feet in length, with a cabin providiy 
full head room, “as able and comfortable for her size ag ay 
boat ever put together. In speed only racing boats coy 
pull away from the Kestrel when the breeze was goo 
Nearly every summer Dr. and Mrs. Watts sailed the entip 
Maine Coast out of his beloved Thomaston, with never y 
envy for the finest yacht in their company. After retirement! 
the Watts toured by car, with tent and camping outfits, thy 
entire United States and Canada on their summer trips 
even penetrating the rough roads leading into the Northwest 
Territory of Canada. At the age of eighty, Watts purchase 
a new-fangled pair of shoe skates to replace the old detac! 
ables which had served him for sixty years. In recent year 
Dr. Watts and his present wife have spent their winters in 
Florida away from the extremes of Wisconsin winters. Photog 
raphy and astronomy have also been lifelong hobbies, and 
source of entertainment for his students and guests. 

Dr. Watts is one of the survivors of that school of rugge 
individualists in applied science who has persisted in his ow 
unaided investigational efforts. He is responsible for ¢! 
emphasis on applied electrochemistry in the Department 
Chemical Engineering at Wisconsin and has been a source o! 
inspiration to hundreds of students in his classes. 


Conundrums in Corrosion: 


Oliver P. Watts 


Professor Emeritus of Chemical Engineering, University of Wisconsin, Madison, Wisconsin 


I. A thin sheet of copper is weighed, suspended vertically in 
a dilute solution of sulfuric acid in contact with air, and con- 
nected through a sensitive milliammeter to a similar sheet of 
platinum, each 1 dm?. The copper will corrode, and hydrogen 
will be displaced invisibly on the platinum and removed by 
combination with oxygen dissolved from the air. 

Will the weight of copper dissolved in a period of two months 
exceed, be equal to, or be less than the amount computed by 
Faraday’s law from the number of ampere-hours of current 
flowing? 

Will any of the dissolved copper be deposited on the plati- 
num cathode by the current? 


II. Two sheets of iron and copper of equal area are similarly 
connected in a solution containing 35 grams of sodium chloride, 
and 70 grams of sodium citrate per liter. Air is bubbled through 
the solution to serve as a depolarizer for hydrogen. 

How will the corrosion of iron compare with the amount 
calculated from the current flow? How will the weight of copper 
cathode be affected? Explain. 


! In these provocative questions Emeritus Professor Oliver 
P. Watts solicits your answers in writing, addressed to his 
home at 114 N. Spooner Street, Madison, Wisconsin. As far 
as possible the correct answers will be published later. 


III. A copper-platinum couple is immersed in an acid -coppe! 
sulfate solution in contact with air. What happens at tl 
platinum cathode? Explain. 


IV. The potential of platinum is 0.7 volts below that 0 
copper in a dilute solution of sulfuric acid. Will the removs 
of all dissolved air and oxygen from the solution and tli 
prevention of its depolarizing action at the cathode result |! 
the deposition of copper on the platinum? Explain. 


V. What is the mechanism of the sulfation (loss of charge 
of the lead plates of the starting battery of your car on long 
idle standing? Is it due to the (a) direct union of the lead wit! 
the SO, ion of the dissociated H.SO,? (b) corrosion by oxyge 
depolarization? Would this corrosion cease by removing 4! 
excluding all dissolved oxygen from the electrolyte? (c) dis 
placement of hydrogen from the acid at so slow a rate that th 
hydrogen can diffuse to the liquid surface and escape unsee! 


VI. Equal sheets of iron are immersed in the following solu 
tions: (a) sodium chloride; (b) sodium chloride, with additio! 
of sodium citrate to force back the dissociation of the chlortd 
by the common-ion effect. 

Does the addition of the sodium citrate increase or diminis® 
the rate of corrosion? 
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\IJ. When a sheet of copper is submerged between equal 
ied sheets of silver and platinum in dilute sulfuric acid, and 
»» three are connected electrically, copper dissolves and dis- 
ves hydrogen on both cathodes. Each cathode is polarized 
» to the potential of copper and the amount of polarizing 
rdrogen is greater on the platinum than on the silver. If 
rrosion proceeds by oxygen depolarization, will the currents 
ying between the individual cathodes and the anode be 
yal or different? 


VIII. Can contact with copper ever slow down or prevent 
ye corrosion of iron in any electrolyte open to the air? 


IX. For the same total metal surface, is corrosion by oxygen 
jpolarization greater when two-thirds of that surface is 
‘yrnished by the anode or by the cathode? For example, in an 
ectrolyte of ammonium sulfate acidified by sulfuric acid, 
rouple A consists of two sheets of copper, 5 cm*, with a single 
sheet of silver of the same dimensions midway between the 
»wo copper sheets; and the three sheets are connected by wire. 
(ouple B consists of two silver sheets with a single copper 
sheet midway between. 

ls corrosion greater in A or B at the end of two months? 
Explain. 


\. In the case of one metal protecting another by contavt 
an aqueous solution, the more active metal protects the other 

substituting its own corrosion for that of the other metal. 
1) Suppose the active metal is put in electrical contact with 
metal which is not subject to corrosion in that particular 
ectrolyte. Will this contact stimulate corrosion of the active 
etal to the same degree as does contact with a corrodible 
etal, which the active metal must then protect by its own 
rrosion? (b) How about the relative stimulation of the cor- 
rosion of iron by contact with equal sheets of silver and plati- 
um, when there is no visible displacement of hydrogen either 
efore or after contact with the other metal? 


XL. Two copper-platinum couples, A and B, are immersed 
1 separate beakers in 200 ce of dilute sulfuric acid for seven 
urs. To beaker B, 24 grams of ferric chloride was added as 
depolarizer, and current readings were made at 15-minute 
ntervals. 

The current in B averaged 16 times that in A, but corrosion 
1 B was 23 times that in A. Explain this excessive corrosion. 


XIl. Two different cells are connected in opposition. The 
ells Fe-Cu and Ag-Fe, in a solution of ammonium sulfate plus 
immonium citrate, are connected, iron to iron, and silver to 
opper, for 22 days. What changes oecur and where? 


XII. Equal sheets of iron and copper, 5 em?*, are supported 
vertically for nine days in the following solutions: the copper 
na liter of water containing 10 ce of concentrated sulfuric 
wid, the iron in a liter of water containing 20 grams of am- 
nonium chloride and 40 grams of ammonium citrate. Air is 
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slowly bubbled up back of each electrode, for its stirring effect, 
and to maintain the air content of the electrolytes. Which 
metal wins this corrosion Derby, the copper in the acid elec- 
trolyte, or the iron in the neutral solution? Why so? 


XIV. Two closely fitting disks of sheet copper are immersed 
in a tall tumbler filled with dilute sulfuric acid, from which 
the air has been removed by application of a vacuum. The 
copper disks are placed horizontally, one at the bottom, the 
other near the upper surface of the solution. When connected 
by a wire there is a microscopic flow of current from the lower 
to the upper electrode; but after several months the cathode 
had lost more weight than the anode! Explain. 


XV. Sheet copper is immersed in an air-free solution of cop- 
per sulfate. Will copper corrode or be deposited? 


XVI. Two small beakers are filled with acid copper-sulfate 
plating solution. Copper electrodes, 2.54 em by 3.81 cm, are 
placed in one beaker and a copper anode and platinum cathode 
in the other. A current of 0.10 milliamperes is sent through the 
two cells connected in series for thirty days. The total current 
flowing is 0.072 ampere-hours, equivalent to 85 milligrams of 
copper. There is no copper deposit on the platinum. Why not? 


XVII. In two similar rectangular jars each holding 1200 
ce of electrolyte and exposing 90 cm? of surface to the air, the 
couples Cu-Pt and Fe-Cu with electrodes, 1 dm?, were immersed 
for 30 days. Cell A, with the copper anode, contained 90 ce of 
concentrated sulfuric acid, and cell B, with the iron anode, 
contained 84 grams ammonium chloride and 72 grams ammo- 
nium citrate. The citrate was added to maintain a clean sur- 
face on the iron and give it a fair chance in this corrosion con- 
test. Which couple won this corrosion Derby? Why? 


XVIII. A cylindrical dish 21 em in diameter is filled with a 
solution of 70 grams ammonium citrate and 50 grams ammo- 
nium chloride and a few drops of formalin in four liters of 
water. A couple consisting of sheet iron and silver each 1 dm? 
is immersed at one side of the dish, and a bar of cadmium is 
electrically connected to the iron. The electric current which 
flowed from iron to silver varied between 1.3 and 0.7 milli- 
amperes during 19 days. There was no corrosion of the iron, 
although 0.4 ampere-hour total current had passed from iron 
to silver through the electrolyte. Explain the failure of the 
iron to corrode. 


XIX. In plating from an acid copper sulfate plating solution 
no hydrogen is seen; but from a cyanide copper plating solu- 
tion, evolution of hydrogen accompanies the deposition of 
copper. Why does this difference appear? 


XX. A copper-platinum couple of sheets one dm square is 
immersed in a strong solution of copper sulfate, acidified by 
sulfuric acid. For four days a current of 0.7 to 0.8 milliamperes 
flowed from the copper to the platinum without visible deposi - 
tion of either hydrogen or copper on the platinum. Explain. 
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ONE OF BRIDGEPORT’S 
CONDENSER TUBE ALLOYS 
MAY SOLVE YOUR CORROSION PROBLEMS 


No one metal or alloy can be 
expected to withstand the many 
different corrosive elements en- 
countered in chemical plants, 
petroleum refineries and food 
processing industries. Bridge- 
port has developed a number of 
condenser tube alloys designed 
to meet a wide range of operat- 
ing conditions. Selection of the 
tubing best suited for a particu- 
lar application requires consid- 
erable experience and knowl- 
edge. Bridgeport maintains a 
consistent program of corro- 
sion research involving labora- 
tory work as well as field and 
service tests. Contact the nearest 
Bridgeport office for technical 
service to help reduce premature 
tube failures, and write for 112- 
page Condenser Tube Manual. 


ARSENICAL ADMIRALTY — for handling sea water or polluted fresh circulating 
water, hydrocarbon gases containing sulfur compounds, lubricating oils, gaso- 
line, naphtha, etc. 


ARSENICAL MUNTZ*—excellent for resisting high sulfur compounds as well as 
dezincification from corrosive water. More effective than ordinary Muniz. 


CUZINAL — superior to Admiralty for resisting air impingement corrosion or 
erosion-corrosion produced by high water velocities. Resists dezincification and 
sulphide corrosion encountered in condensers and coolers handling various 
types of petroleum products. 


CUPRO NICKEL — resists stress corrosion cracking caused by moist ammonia, 
oxygen and stress. Shows good resistance to caustic and other alkaline liquids 
and salt solution. Fine resistance to air impingement corrosion produced by 
high sea water velocities. 


RED BRASS — resists corrosive waters and hydrocarbon vapors. Better for resist- 
ing stress corrosion than Admiralty or Cuzinal, but not recommended for severe 
sulfur corrosion. 


DURONZE IV**— excellent for circulating sea water and brackish waters polluted 
with wastes. Gives fine service conducting hot brine in salt refineries and cor- 
rosive liquids in many processing plants. 


DUPLEX TUBING — for double corrosive conditions too severe for single metal or 
alloy—extensively used in ammonia refrigeration systems and heat exchangers 
and condensers handling a wide variety of organic and inorganic chemicals. 
Available in Red Brass, Copper, Cuzinal, Cupro Nickel, Muntz, and Duronze IV 
... with steel, aluminum, stainless or monel. Inner and outer tubes are selected 
to combat a specific corrosive element and mechanically combined to give good 
heat transfer. Our Technical Bulletin No. 746 covers applications and methods 
of installing Duplex Tubing. * U.S. Pat. No. 2,118,688 ** U.S. Pat. No. 2,093,380 


» BRIDGEPORT BRASS COMPANY 
BRIDGEPORT 2, COMN. . Established 1865 


BRIDGEPORT BRASS 
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Current 


Affairs 


Program for the Montreal Meeting 


Completed arrangements for the 
Montreal Meeting of the Society, which 
| take place on October 26-30, 
wesent a gratifying program of tech- 
nical sessions, plant trips, and social 
ents that is sure to stimulate wide 
nterest. General Chairman A. W. 
Whitaker and the various committee 
members and chairmen have, in addi- 
ion to planning a well-rounded sched- 
ule, given the meeting some unusual 

snd interesting features. 
Headquarters for the meeting is the 
7 sheraton-Mount Royal Hotel, located 
: t Peel and St. Catherine Streets. 
Registration will begin on Sunday, 


; (ctober 26, and will be held on the 
Mezzanine floor. 

With reference to plant trips, mem- 

; ers are requested to note carefully the 
livections for making reservations for 

the Arvida trip {see September Jour- 


vl and Program Booklet). 

In addition to the Battery —Electric 
Insulation Round Table on “Battery 
‘eparators,”” on October 28 at 2:00 
PM., there will be an Electrothermics 
Round-Table discussion on October 29 
{9:00 A.M. on “The Electrothermic 
Industries in Canada and Their Re- 
tionship to the Future Requirements 
i the United States and Canada.” 


Immigration and Customs 


American citizens entering Canada 
‘ould carry adequate proof of citizen- 
‘ip, such as a passport, birth certifi- 
ate, or comparable documents of iden- 
liheation. Non-citizen residents of the 
(. 8. are advised to check in advance 
‘ith immigration authorities, since the 
eyuirements vary with the cireum- 
‘ances of individual cases. 

Canadian Customs—Gifts may be 
tought into Canada, duty free, up 
the value of $10.00, except gifts of 
tobaeeo or liquor. Visitors may bring 
0a limited supply of tobacco or liquor 
or their own use together with their 
effects. 


Canadian Customs will grant tem- 
porary permits for importation of cam- 
eras, typewriters, radios, etc. These 
items, of course, must return with the 
visitor when he leaves. 

U. S. Customs—After a stay of 48 
hours, American visitors may return 
with goods up to $200.00 value, free of 
duty, with certain reservations. 


Technical Program 


Monday, October 27, 1952 


9:00 A.M.—Formal Opening of the 
102nd Convention with Introduction 
by General Chairman A. W. Whit- 


aker, Jr., and response by President 
J. C. Warner. 


Batteries 


Wednesday, October 29, 1952 
Primary Cells 
J. N. Mrgudich presiding 


9:00 A.M.—‘“The Potential and Cou- 
lombie Capacity of Some Galvanic 
Cell Systems” by Allan Walkley, 
Minerals Utilization Section, Division 
of Industrial Chemistry, Common- 
wealth Scientific and Industrial Re- 
search Organization, Melbourne, Aus- 
tralia. 

9:20 A.M.—“The Reproducibility of 
the Manganese Dioxide Electrode 
and the Change of Electrode Poten- 
tial with pH” by Richard 8. John- 
son, National Carbon Research Lab- 
oratories, Cleveland, Ohio, and W. 
C. Vosburgh, Department of Chem- 
istry, Duke University, Durham, 
N.C. 

9:40 A.M.—“A High Voltage Pile of 
the Zamboni Type” by Paul L. 
Howard, National Bureau of Stand- 
ards, Washington, D.C. 

10:10 A.M.—‘‘Structural Properties of 
Some Synthetically Prepared Man- 
ganese Dioxides’”’ by G. Butler and 
H. R. Thirsk, Physical Chemistry 
Laboratory, University of Durham, 
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King’s College, 
Tyne, England. 
10:30 A.M.—“The Situs of Depolariz- 
ing Reaction in the Dry Cell” by 
Shiro Matsuno, Yuasa Dry Battery 
Company, Ltd., Takatsuki, Osaka, 

Japan. 

10:50 A.M.—“Use of Solid Semicon- 
ductors as Ion Carriers in Electro- 
chemical Systems” by K. Lehovec 
and J. Broder, Squier Signal Labora- 
tory, Signal Corps Engineering Lab- 
oratories, Fort Monmouth, N. J. 


Newcastle-upon- 


Batteries (cont’d.) 
Secondary Batteries 
E. Willihnganz presiding 


2:30 P.M.—‘Preparation of High Pur- 
ity Lead” by Ray C. Hughes, Philips 
Laboratories, Inc., Irvington on Hud- 
son, N. Y. 

2:50 P.M.—*Positive-Plate Self-Dis- 
charge in the Lead-Acid Cell” by J. 
J. Lander, Naval Research Labora- 
tory, Washington, D. C. 

3:10 P.M.—*‘Microsegregation in the 
Lead-Antimony Alloys” by A. C. 
Simon and E. L. Jones, Naval Re- 
search Laboratory, Washington, D.C. 

3:30 P.M.—“ Effect of Corrosion and 
Growth on the Life of Positive Grids 
in the Lead-Acid Cell” by J. J. Lan- 
der, Naval Research Laboratory, 
Washington, D. C. 

3:50 P.M.—‘Impedance Measurement; 
in Storage Batteries’’ by E. Willihn- 
ganz, Gould-National Batteries, Inc., 
Depew, N. Y. 

4:10 P.M.—‘‘Mechanism of Self-Dis- 
charge in the Edison Negative’? by 
P. Hersch, The Mond Nickel Com- 
pany, Ltd., Development and Re- 
search Department, Birmingham, 
England. 

4:30 P.M.—‘The Relation of the 
Anodie Corrosion of Lead and Lead- 
Antimony Alloys to Microstructure”’ 
by J. B. Burbank and A. C. Simon, 
U. S. Naval Research Laboratory, 
Washington, D. C. 
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Joint Session 


Battery—Electric Insulation 
Tuesday October 28, 1952 
Round-Table Discussion 

Battery Separators 
Harold C. Beachell presiding 


2:00 P.M.—The purpose of the round 
table is to bring together battery and 
insulation specialists to exchange 
ideas on battery separator problems 
in an effort to resolve some of the 
problems of mutual interest. 

The following will act as discussion 
leaders in various phases of this topic: 
EK. Willihnganz, V. 8S. Harris, W. 
Shorr, and A. J. Salkind. 


Corrosion 
Monday, October 27, 1952 
Harry R. Copson presiding 


9:15 A.M.—“The Oxidation of Metals 
at High Temperatures” by Walter 
J. Moore, H. H. Wills Physical 
Laboratory, University of Bristol, 
Bristol, England. 

9:45 A.M.—‘Theoretical Analysis of 
the Diffusion Processes Determining 
the Oxidation Rate of Alloys” by 
Carl Wagner, Department of Metal- 
lurgy, Massachusetts Institute of 
Technology, Cambridge, Mass. 

10:15 A.M.—‘Oxidation Studies on 
Pure Nickel from 400° to 750°C and 
at Pressures from 0.76 to 76.0 mm 
of Hg of O.” by Kenneth F. Andrew 
and Earl A. Gulbransen, Westing- 


house Research Laboratories, East 
Pittsburgh, Pa. 
10:45 A.M.—*‘A Preliminary Study 


of the Oxidation and Vapor Pressure 
of Chromium” by Earl A. Gulbran- 
sen and Kenneth F. Andrew, West- 
inghouse Research Laboratories, East 
Pittsburgh, Pa. 

11:15 A.M.—*“The Reaction of Zir- 
conium Metal Surfaces with Oxygen”’ 
by M. W. Mallett, H. R. Nelson, 
and C. A. Papp, Battelle Memorial 
Institute, Columbus, Ohio. 

11:45 A.M.—**The Reaction of Nitro- 
gen with Beta Zirconium and the 
Diffusion and Solubility of Nitrogen 
in the Metal” by M. W. Mallett, E. 
M. Baroody, H. R. Nelson, and C. A. 
Papp, Battelle Memorial Institute, 
Columbus, Ohio. 

2:00 P.M.—*High Temperature Cor- 
rosion of Several Heat Resisting Al- 
loys by Anhydrous Ammonia” by 

N. Skinner, Jr., Development and 

Research Division, The International 

Nickel Company, Inc., New York, 

N. Y., and D. E. Furman, Research 
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Laboratory, The International Nickel 
Company, Inc., Bayonne, N. J. 

2:30 P.M.—‘“The Accelerated Oxida- 
tion of Alloy Steels in Contact with 
Vanadium Pentoxide at High Tem- 
peratures” by H. H. Marvin and H. 
A. Liebhafsky, Research Laboratory, 
General Electric Company, Schenec- 
tady, N. Y. 

3:00 P.M.—“Effect of Copper Contam- 
ination on Two Cast Heat Resisting 
Compositions” by G. F. Geiger, 
Development and Research Divi- 
sion, International Nickel Company, 
Inc., New York, N. Y., and A. M. 
Talbot, Research Laboratory, In- 
ternational Nickel Company, Inc., 
Bayonne, N. J. 

3:30 P.M.—‘“Corrosion of Heating 
Electrodes in Molten Chloride Baths”’ 
by H. R. Copson, Research Labora- 
tory, International Nickel Company, 
Inc., Bayonne, N. J. 

4:00 P.M.—‘‘Aqueous Corrosion of 28 
Aluminum at Elevated Tempera- 
tures’ by J. E. Draley, Argonne 
National Laboratory, Chicago, IIl. 

4:30 P.M.—‘Corrosion of Zirconium 
in High Temperature Water” by A. 
H. Roebuck, J. E. Draley, and C. R. 
Breden, Argonne National Laboratory, 
Chicago, Il. 

5:00 P.M.—*Kinetics of Reactions of 
Nickel and Steel with Molten Sul- 
fur” by Andrew Dravnieks, Standard 
Oil Company (Indiana), Chicago, III. 


Tuesday, October 28, 1952 
Corrosion (cont’d.) 
Harry R. Copson presiding 


9:00 A.M.—*‘Some Problems in Corro- 
sion Research” by Owe Berg, Avesta 
Jernverks Aktiebolag, Avesta, Swe- 
den. 

:30 A.M.—“Corrosion of Steel by 
Air-Free, Dilute, Weak Acids’ by 
Norman Hackerman and E. E. 
Glenn, Jr., University of Texas, Aus- 
tin, Texas. 

10:00 A.M.—*“The Anodizing of Zir- 
conium and Other Transition Metals 
in Nitrie Acid” by R. D. Misch and 
W. E. Ruther, Argonne National 
Laboratory, Chicago, II. 

10:30 A.M.—*‘Kineties of the Oxida- 
tion and Dissolution of Copper in 
Aqueous Ammonia” by J. Halpern, 
Department of Metallurgy, Univer- 
sity of British Columbia, Vancouver, 
Canada. 

11:00 A.M.—“Time-Dependent Prop- 
erties of Copper Anodes in HCl 
Solutions” by J. H. Bartlett and L. 
P. Stephenson, Physics Department, 
University of Illinois, Urbana, I! 
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11:30 A.M.—“Corrosion Mild 
Sheet in 6N Hydrochlo: ¢ Aciq , 
90°C” by E. L. Koehler, Arno, 
Research Foundation of | llinois 
stitute of Technology, Chicago, il 

11:55 A.M.—“On the Repested 
ing and Electrolytical Polishing , 
Metals” by Shigeto Yamayuchi, 
entific Research Institute, 
Tokyo, Japan. 

11:57 A.M.—“On Visual Determins 
tion of the Orientation and Noy 
orientation of Crystallites ( /OMposit 
Thin Films” by Shigeto Yamagy 
and Tadayuki Nakayama, Scientifg 
Research Institute, Ltd., Tokyy 
Japan. 

2:00 P.M.—*“Corrosion of Aluminuyy 
in Nonaqueous Nitrie Acid and Mix; 
Nitric-Sulfurie Acid Media” by \ 
ton D. Scheer and Eric Rau, U. s 
Naval Air Rocket Test Static 
Dover, N. J. 

2:30 P.M.—“The Rate of Dissolutic, 
of Titanium in Acids with Ammoniu: 
Fluoride Added” by M. E. Stray 
manis and C. B. Gill, School of Min 
and Metallurgy, University of Mis 
souri, Rolla, Mo. 

3:00 P.M.—“Passivity of Titanium iy 
Hydrochloric Acid Solutions” 
David Schlain, U.S. Bureau of Mines, 
College Park, Md., and Joseph s 
Smatko, University of Maryland; 
College Park, Md. 

3:30 P.M.—‘‘Amount of Oxygen on the 
Surface of Passive Stainless Steel” } 
Herbert H. Uhlig and Samuel + 
Lord, Jr., Corrosion Laborato: 
Department of Metallurgy, Mass 
chusetts Institute of Technology, 
Cambridge, Mass. 

4:00 P.M.—“Inorganie Corrosion 
hibitors in Acid Solution” by Cecil 
V. King, Emil Goldschmidt and 
Natalie Mayer, Department of Chen 
istry, New York University, Nev 
York, N. Y. 

4:30 P_.M.—“The Inhibition of the Co 
rosion of Iron by Seme Anodic |! 
hibitors” by M. J. Pryor and \ 
Cohen, National Research Counc, 
Ottawa, Canada. 


Electric Insulation 
Tuesday, October 28, 1952 


The Physics and Chemistry 
of Dielectrics 

Harold C. Beachell presiding 
9:00 A.M.—“The Manufacture, Pro 
erties, and Uses of Formvar” by 4! 
drew F. Fitzhugh and Edward Lavin 
Shawinigan Resins Corporatio! 
Springfield, Mass., and George " 
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\forris-n, Shawinigan Products Cor- 
poration, New York, N. Y. 

“Infrared Absorption Spec- 
tra of Polyvinyl Formal” by Harold 


¢. Beachell, Department of Chem- 
Etch istry, University of Delaware, New- 
1g ark, Del. 
A.M.—*Electrical Properties of 
Ltd \raldite Ethoxyline Resins” by M. 
Wismer and FE. N. Dorman, Ciba 
ming Company, Ine., New York, N.Y. 
Nop 0:30 A.M.—“The Pulse-Breakdown of 
sing Liquids” by W. D. Edwards, National 
gui Research Council, Ottawa, Canada. 
A.M.—“Insulation Problems in 
Nuclear Measurements” by Wendel 
H. Bradley, Nuclear Measurements 
inu Corporation, Indianapolis, Ind. 
fix |:30 A.M.—“‘Effeect of Radiation on 
M Dielectries” by A. J. Warner, Fed- 
U.s eral Telecommunications Laborato- 


ries, Nutley, N. J. 


Round-Table Discussion 
Battery Separators 


1:00 P.M.—Joint session, Electric In- 
sulation and Battery Divisions (see 
Batteries). 


Electrodeposition 
Monday, October 27, 1952 
Deposition and Polishing of Copper 
R. A. Woofter presiding 


§:20 A.M.—Opening Remarks. 

):30 A.M.—*‘Eleetrodeposition of Cop- 
per from the Monoethanolamine 
Bath” by T. L. Rama Char and N. 
Shivaraman, Electrochemistry 
Laboratory, Indian Institute of Sci- 
ence, Bangalore, India. 

(0:00 A.M.—*“‘Studies of the Mecha- 
nism of Bright Plating in the Acid 
Copper Bath” by Bacon Ke and Dan 
Trivich, Department of Chemistry, 
Wayne University, Detroit, Mich. 

\):30 A.M.—“The Electrodeposition 
of Copper and Nickel” by John 
Yeager, Ernest Yeager, and Frank 
Hovorka, Department of Chemistry, 
Western Reserve University, Cleve- 
land, Ohio. 

‘1:00 A.M.—**The Effect of Ultrasonic 
Waves on the Electrodepositio: of 
Copper” by W. R. Wolfe, Hyman 
Chessin, Ernest Yeager, and Frank 
Hovorka, Department of Chemis- 
try, Western Reserve University, 
Cleveland, Ohio. 

1:30 A.M.—“A New Approach to the 
Investigation of Addition Agents”’ 
by B. I. Parsons and C. A. Winkler, 
Chemistry Department, McGill Uni- 
versity, Montreal, Canada. 

+30 P_M.—“Cathode Polarization Po- 
tential during the Electrodeposition 


CURRENT AFFAIRS 


of Copper, ILI. Effeet of the Cathode 
Base upon the Cathode Polarization 
Potential and the Crystal Structure 
of the Deposit” by L. L. Shreir, 
Battersea Polytechnic, London, Eng- 
land, and J. W. Smith, Bedford Col- 
lege, London, England. 

3:00 P.M.—“The Mechanism of Sur- 
face Leveling by Periodic Reverse 
Current Cyanide. Copper Plating” 
by Dennis R. Turner, Electroplating 
Projects Laboratory, Westinghouse 
Electric Corporation, East  Pitts- 
burgh, Pa. 

3:30 P.M.—“The Mechanism of Elec- 
tropolishing of Copper in Phosphoric 
Acid Solutions, I. Electrical Con- 
ditions Associated with Electropolish- 
ing” by J. Edwards, British Non- 
Ferrous Metals Research Association, 
London, England. 

3:50 P.M.—“The Mechanism of Elec- 
tropolishing of Copper in Phosphoric 
Acid Solutions, II. Processes Pre- 
ceding the Establishment of Polish- 
ing Conditions” by J. Edwards, Brit- 
ish Non-Ferrous Metals Research 
Association, London, England. 

4:10 P.M.—*“*The Mechanism of Elec- 
tropolishing of Copper in Phosphoric 
Acid Solutions, II1. The Mechanism 
of Smoothing” by J. Edwards, Brit- 
ish Non-Ferrous Metals Research 
Association, London, England. 

4:30 P.M.—“Electronic Configuration 
in Electrodeposition from Aqueous 
Solutions, I. The Effect of Ionic 
Structure” by Ernest H. Lyons, Jr., 
The Principia College, Elsah, 11. 


Tuesday, October 28, 1952 
Electroplating Processes 
M. L. Holt presiding 


9:00 A.M.—*Factors Affecting the 
Transformation of White to Gray 
Tin at Low Temperatures” by R. R. 
Rogers and J. F. Fydell, Mines 
Branch, Department of Mines and 
Technical Surveys, Ottawa, Canada. 

9:30 A.M.—*Electrodeposition of Se- 
lenium” by R. Scott Modjeska, 
Scientific Control Laboratories, Chi- 
cago, Ill., B. F. Freeber, Vapor 
Heating Corporation, Chicago, IIl., 
and Kurt E. Schimkus, 8. & 8. Lab- 
oratories, Chicago, 

10:00 A.M.—‘Electrodeposition of Sil- 
ver from the Iodide Bath” by T. L. 
Rama Char and R. Sadagopachari, 
Electrochemistry Laboratory, Indian 
Institute of Science, Bangalore, India. 

10:30 A.M.—‘‘Some Properties of Stan- 
nous Sulfate Solutions and Their 
Role in Electrodeposition of Tin, 
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Il. Solutions with Stannous Sulfate 
and Sulfuric Acid Present”? by C. A. 
Discher, College of Pharmacy, Rut- 
gers University, Newark, N. J. 

11:00 A.M. — “Electrodeposition of 
Cadmium from Fluoborate Solu- 
tions’ by T. R. Anantharaman and 
J. Balachandra, Department of Metal- 
lurgy, Indian Institute of Science, 
Bangalore, India. 

11:30 A.M.—*Electrogalvanizing from 
Fluoborate Solutions’ by T. R. 
Anantharaman and J. Balachandra, 
Department of Metallurgy, Indian 
Institute of Science, Bangalore, India. 

12:00 M.—‘‘Cathodic Lead Disintegra- 
tion and Hydride Formation” by 
Hugh W. Salzberg, Naval Research 
Laboratory, Washington, D. C. 


Joint Session 


Electrodeposition—Industrial 
Electrolytics 


Wednesday, October 29, 1952 


Electrowinning and Electrorefining 
of Metals 


D. O. Hubbard and R. A. Woofter 
presiding 


9:00 A.M.—*“The Caustic Electrolytic 
Zine Process’”’ by Charles T. Baroch, 
R. V. Hilliard, and R. 8S. Lang, 
Bureau of Mines, U. 8. Department 
of the Interior, Boulder City, Nev. 

9:30 A.M.—*Development of a Cana- 
dian Source of Indium Metal’ by 
J. R. Mills, B. G. Hunt, and G. H. 
Turner, The Consolidated Mining 
and Smelting Company of Canada, 
Ltd., Trail, B. C., Canada. 

10:00 A.M.—“The Electrorefining of 
Tin” by H. G. Poole, G. C. Ware, 
and F. Block, Bureau of Mines, U. 
S. Department of the Interior, Al- 
bany, Ore. 

10:30 A.M.—‘‘A Method for Introduc- 
ing and Controlling the Concentra- 
tion of Inorganie Addition Agents’ 
by G. R. Van Houten. P. R. Mallory 
& Co., Ine., Indianapolis, Ind., and 
L. E. Stout, School of Engineering, 
Washington University, St. Louis, 
Mo. 

11:00 A.M.—‘‘Refining Antimony by 
Electrodeposition and by Vaporiza- 
tion” by R. R. Rogers and R. A. 
Campbell, Mines Branch, Depart- 
ment of Mines and Technical Sur- 
veys, Ottawa, Canada. 

11:30 A.M.—*‘Anodie Deposition Be- 
havior of Manganese and Silver” 
by John T. Byrne, Dow Chemical 
Company, Rock Flats Plant, Denver, 
Colo., and L. B. Rogers, Department 
of Chemistry and Laboratory for 
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Nuclear Science and Engineering, 
Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 


E ectrodeposition (cont’d.) 
Wednesday, October 29, 1952 
Plating of Unusual Metals 
C. A. Snavely presiding 


2:00 P.M.—‘“The Complete Electro- 
deposition of Radioruthenium” by 
J. C. Griess, Jr., Oak Ridge National 
Laboratory, Oak Ridge, Tenn. 

2:30 P.M.—“A Study of the Eleectro- 
deposition of Ruthenium from Very 
Dilute Solutions” by M. H. Lietzke 
and J. C. Griess, Jr., Oak Ridge 
National Laboratory, Oak Ridge, 
Tenn. 

3:00 P.M.—*Electroplating on Zir- 
conium” by W. 8. Schickner, John 
G. Beach, and Charles L. Faust, 
Battelle Memorial Institute, Colum- 
bus, Ohio. 

3:30 P.M.—“Electroplating on Beryl- 

lium” by John G. Beach and Charles 

L. Faust, Battelle Memorial Insti- 

tute, Columbus, Ohio. 

:00 P.M.—*“Electroplating on Tita- 

nium” by William H. Colner, Morris 

Feinleib, and John N. Reding, Ar- 

mour Research Foundation of Illinois 


Institute of Technology, Chicago, 
Ill. 

4:30 P.M.—‘‘Formation of Immersion 
Zine Coatings on Aluminum” by 


W. G. Zelley, Aluminum Research 
Laboratories, Aluminum Company 
of America, New Kensington, Pa. 


Electrothermics 
Round-Table Discussion 
Wednesday, October 29, 1952 
The Electrothermic Industries in 
Canada and Their Relation- 
ship to the Future Require- 


ments of the United 
States and Canada 


John Convey, Chairman 
9:00 A.M.—The discussion will be in- 
troduced by panel members represent- 


ing the electrothermic industries of 
Canada. 


Industrial Electrolytics 
Tuesday, October 28, 1952 
D. O. Hubbard presiding 


2:00 P.M.—*‘Determination of Cur- 
rent Efficiency by Gas Analysis 
Diaphragm Chlor Alkali Cells’ by 
M.S. Kireher, H. R. Engle, B. H. 
Ritter, and A. H. Bartlett, Hooker 
Electrochemical Company, Niagara 


Falls, N. Y. 
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2:30 P.M.—‘Influence of Impurities in 
the Electrolyte in Chlorine-Caustic 
Electrolysis by the Mercury Cell 
Process, III. Investigation of the 
Influence of Anions upon the Decom- 
position Rate of Sodium Amalgam” 
by Gésta Angel, Tage Lundén, and 
Rolf Brannland, Division of Applied 
Electrochemistry, Royal Institute of 
Technology, Stockholm, Sweden. 

3:00 P.M.—‘Influence of Impurities 
in the Electrolyte in Chlorine-Caustic 
Electrolysis by the Mercury Cell 
Process, IV. Description of a Mercury 
Cell Used for Electrolysis Experi- 
ments in Laboratory Scale” by Gésta 
Angel and Tage Lundén, Division of 
Applied Electrochemistry, Royal In- 
stitute of Technology, Stockholm, 
Sweden. 

3:30 P.M.—‘‘Graphite Anode in Brine 
Electrolysis, Effect of Anode and 
Operating Variables on Caustic Color’”’ 
by M. Janes, N. J. Johnson, and E. 
B. Pilcher, Process Engineering Lab- 
oratory, National Carbon Company, 
Niagara Works, Niagara Falls, N. Y. 

4:00 P.M.—‘Electrical Conductivity 
of Molten Cryolite and Potassium, 
Sodium, and Lithium Chlorides” 
by Junius D. Edwards, Cyril 8. 
Taylor, Allen S. Russell, and L. Frank 
Maranville, Aluminum Research Lab- 
oratories, Aluminum Company of 
America, New Kensington, Pa. 


Joint Session 


Industrial Electrolytics—Elec- 
trodeposition 


Wednesday, October 29, 1952 


Electrowinning and Electrorefining 
of Metals 


D. O. Hubbard and R. A. Woofter 
presiding 


9:00 A.M.—12:00 M.—For list of papers 
see Joint Session with Electrodeposi- 
tion Division. 


1952 Winners of 
Prize Essay Contest 


The winners of the Prize Essay Con- 
test, sponsored annually by The Elec- 
trochemical Society, have been selected 
and are announced by the Award Com- 
mittee as follows: 

First Prize—Gordon Gemmell, Cor- 
rosion Laboratory, Massachusetts In- 
stitute of Technology, Cambridge, Mas- 
sachusetts; Second Prize—Donald W. 
Hutchings, Grey Gables, East College 
Street, Oberlin, Ohio; Honorable Men- 


(etober 19) 


tion—Robert Auerbach, 34; East 73 
Street, New York City. 

The First Prize winner ill be 4 
recipient of a $100 cash ay ard plus 
one-year membership in thie Socie 
the winner of the Second Prize , 
receive a $50 cash award and a one-ve 
Society membership. The awards wo 
given for the best essay (graduate 
undergraduate students), between j,y 
and 2000 words, on the subject “7; 
Electrochemical Nature of Corrosioy 

The contest was established in 19; 
with financial support from income (jj 
rived from the “Corrosion Handbook 


National Research Corp. 
Joins Sustaining Member 


The Society is pleased to announy 
the recent addition of the Nation, 
Research Corporation to its roster ; 
Sustaining Members. 

This firm, with its main offices ay 
the Research Division in Cambridg 
Massachusetts, and its Equipmer 
Division in Newton, Massachuseit 
is engaged in the development of pr 
esses in the fields of metallurgy, in 
ganic and organic chemistry, app! 
physies, and coatings. The Equipmen 
Division is a major supplier of hig 
vacuum components and complet 
engineered installations. Such equ 
ment is usually employed in the chem 
ical, electronic, metallurgical, coatir 
distillation, food, and pharmaceuti 
industries. National Research emplo 
365 people. 

Officers heading the company ar 
Richard 8. Morse, President; Rolx 
A. Stauffer, Vice-President in Char 
of Research; Harold C. Weingartn 
Vice-President and General Manager 
the Equipment Division; E. Norma 
Staub, Treasurer. 

In the metallurgical field, Nation 
Research Corporation was responsi! 
for the large-scale development o/ t 
Pidgeon Process for thermal reducti 
of magnesium and for its importa! 
fundamental work in vacuum melt 
and coating such as is used in convert 
titanium sponge to ingot. Signific! 
among research activities are projet! 
devoted to development of a low cv 
titanium reduction process, the applic: 
tion of coatings for protecting meta's 
high temperatures, and the applicatic! 
of thin metallic films to metallic 4! 
nonmetallic substrates. 

National Research is known for 't 
development which led to the format! 
of its licensee, the Minute Maid 
poration, and the introduction «f froze! 
citrus concentrates to the market. 
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The Department of Chemistry of the 
rjversity of Michigan has announced 
» establishment of a graduate fellow- 
a in Electrochemistry by General 
tors Corporation, Detroit, Michigan. 
ne fellowship carries a cash award 
jounting to $1800 to the fellowship 
jer and $1000 to the University to 
wver the cost of tuition, special ap- 
~atus, and other incidentals. 
The fellowship will be offered first 
. 1952-53 and is subject to renewal 
+a period of one year. The research 
-to be of a fundamental nature suit- 
Jie for a doctoral dissertation in the 
id of Electrochemistry. The recipient 
be nominated by the teachers of 
Rectrochemistry of the Department of 
hemistry. 


Society Cites Industrial Needs 


For several years, it has been realized 

The Electrochemical Society and 
the electrochemical industries that there 
; a marked deficiency of properly 
mined electrochemists. To make a 
thorough study of this situation, a 
committee of The Electro- 
hemical Society was appointed in the 
tring of 1949. This committee is to 
nsist of the President and the three 
Vice-Presidents each year. Results of 
rious questionnaires sent to the heads 
chemistry and chemical engineering 
evartments in various academic insti- 
tutions and to directors of electrochem- 

research in industry and in research 
mstitutes demonstrate the following: 
|. There is a pronounced tendency 
rchemistry departments to eliminate 
‘etrochemistry from the curriculum. 
The reasons for this appear to be (a) 
ure of personnel interviewers to 
ike known the need for electrochem- 
‘sin their own company; (6) lack of 
pressed interest on the part of stu- 
ents, which in turn has been due to 


Triple Superphosphate 
Plant for Davison 


The Davison Chemical Corporation 
' Baltimore has started construction 
‘4 plant for the production of triple 
uerphosphate at Ridgewood, near 
lakeland, Florida. 

Davison, now producing phosphate 
*k and normal superphosphate, as 
vel as mixed fertilizers and general in- 
stria! chemicals, will for the first 
‘me become a producer of triple super- 
osphate when the new plant is com- 
ted. date—October 1, 1953. 


CURRENT AFFAIRS 


General Motors Founds Electrochemistry Fellowship 


lack of knowledge of opportunities in 
the electrochemical field; (c) decline in 
the number of qualified teachers of the 
subject, and (d) increasing demand 
in the curriculum for additional courses 
in the newer and more glamorous phases 
of physical chemistry. 

2. Industries and research organiza- 
tions employing electrochemists have 
failed to make known to academic 
institutions the rapid expansion of the 
field and the consequent demand for 
trained men. The reason cited for this 
is that for many years, when men 
trained in electrochemistry were re- 
quested from chemistry departments, 
no such men were available. This led 
to adoption of the plan of training the 
man on the job, which is admitted to be 
highly expensive and unsatisfactory. 

Both of these situations have resulted 
in lack of knowledge on the part of stu- 
dents of the fact that there actually 
do exist great opportunities in this rap- 
idly expanding and diversified industry. 

When this information was brought 
to the attention of the Personnel De- 
partment of the General Motors Cor- 
poration, their cooperation was imme- 
diate and enthusiastic, and soon re- 
sulted in the establishment of the 
above-mentioned fellowship as their 
contribution to the correction of an 
unfortunate situation. 

Applicants for the fellowship should 
write at the earliest possible date to 
Professor Alfred L. Ferguson, Depart- 
ment of Chemistry, University of Mich- 
igan, Ann Arbor, Michigan. 

Further information on the current 
demand for electrochemists is given in a 
recent article on “Modern Industries 
Depend on Electroprocesses” by Charles 
L. Faust of Battelle Memorial Insti- 
tute, which shows the magnitude of 
this field. A reprint may be obtained 
on request from Professor Ferguson. 


DIVISION NEWS 


Electrothermic Division 


J. 8. Dewar, National Carbon Lim- 
ited, Toronto, has been appointed 
Program Chairman for the Electro- 
thermic Division of the Society for the 
1952 fall meeting in Montreal, and for 
the 1953 spring meeting in New York 
City. 

Mr. Dewar will be pleased to hear 
from anyone who has any ideas or sug- 
gestions, particularly for the New York 
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Meeting, or who is interested in helping 
to plan the program. They should 
communicate with him at 805 Daven- 
port Road, Toronto 4, Canade 


C. H. Chairman 


SECTION NEWS 


Philadelphia Section 


During the month of June the Phila- 
delphia Section conducted a mail ballot- 
ing for the election of Section officers 
for the 1952-53 term. The nominating 
committee, comprising Arthur Osol, 
chairman, H. 8. Lukens, and R. H. 
Cherry, proposed as the slate of candi- 
dates the present officers of the Section. 

As the result of an unusually good 
response from the members, the candi- 
dates were unanimously elected and, 
accordingly, the officers for the coming 
term are: 

Chairman—John F. Gall 

Vice-Chairman—J. Fred Hazel 

Treasurer—George F. Temple 

Secretary—Edgar L. Eckfeldt 


L. Eckrewprt, Secretary 


San Francisco Section 


At the last meeting of the San Fran- 
cisco Section for the 1951-52 season, 
held May 28, at the Faculty Club of 
the University of California, Berkeley, 
California, the following officers were 
elected to serve during the coming 
year: 

Chairman—Richard F. Bechtold, The 
Dow Chemical Company, Pitts- 
burg, California 

Vice-Chairman—Charles W. Tobias, 
University of California, Berkeley, 
California 

Secretary-Treasurer—Henry F. Myers, 
Columbia Steel Company, Pitts- 
burg, California 

The retiring Chairman of the Section, 
Dr. Edward B. Sanigar, U. 8. Naval 
Radiological Defense Laboratory, San 
Francisco, was the guest speaker at the 
above meeting, delivering an address on 
“Electrophoresis.” 


Ricwarp F. Becuroip, Chairman 


India Section 
Second Annual Meeting 


The Proceedings of the second annual 
meeting of the India Section of the Soci- 
ety, held on June 27, in Bangalore, are 
outlined below: 

The business meeting was held first, 
with Dr. B. K. Ram Prasad presiding. 
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After confirming the minutes of the 
previous meeting, Dr. T. L. Rama Char, 
Secretary-Treasurer, presented the sec- 
ond annual report (1951-52) covering 
the activities of the Section: meetings, 
Section and Society membership and 
dues, patrons of the Section, commit- 
tees of the Society and the Section, 
JournaL of the Society and contribu- 
tion of an article on “The Development 
of the Electrochemical Industry in 
India,”’ the publication of the first two 
issues of the Bulletin of the India Section 
of The Electrochemical Society, and mis- 
cellaneous activities such as participa- 
tion in symposia. 

The Secretary concluded by stating 
that the Section had grown and its 
activities increased and he hoped that 
it would play a more useful part in the 
future. He then expressed his thanks 
to the President and Board of Directors 
of the Society, Dr. H. B. Linford, the 
Secretary, Dr. R. M. Burns, Chairman, 
Publication Committee of the JouRNAL 
of the Society, the Chairman and Offi- 
cers of the Section, the members of the 
various committees, and the members 
and patrons of the Section, for their 
cooperation during the year. 

The following members were elected 
as officers for 1952-53: 

Chairman—M. 8. Thacker 

Vice-Chairmen—K. Rajagopal and 

Charat Ram 

Secretary-Treasurer —J. Balachandra 

Next, matters pertaining to 1953 were 
discussed. Professor M. 8. Thacker 
and Dr. 8. Krishnamurthy then spoke 
expressing the deep sense of apprecia- 
tion of all for the services rendered by 
the retiring Chairman, Dr. B. K. Ram 
Prasad, and Secretary-Treasurer, Dr. 
T. L. Rama Char, ever since the for- 
mation of the Section. With a vote of 
thanks to the Chair, the meeting came 
to a close. 

At the technical session, Dr. B. K. 
Ram Prasad delivered an address on 
“The Latest Developments of the Elec- 
trochemical- Metallurgical Industries in 
India, with special reference to the 
Bombay area.” A vote of thanks was 
given to the speaker, proposed by Dr. 
T. L. Rama Char. 

J. BALACHANDRA, Secretary-Treasurer 


CHANGE OF ADDRESS 


The Institute of Metal Finishing, 
incorporating Electrodepositors’ Tech- 
nical Society, has moved to new offices 
at 32, Great Ormond Street, Holborn, 
London, W.C.1 


JOURNAL OF THE ELECTROCHEMICAL SOCIETY 


Summary of Activities of India Section (1951-52) 


A summary of the activities of the 
India Section for the past year follows: 

Meetings.—There were 3 technical 
meetings and 2 business meetings of 
the Section, | meeting of the Executive 
Committee, and 8 meetings of the Bul- 
letin Editorial Committee. The First 
Annual Meeting of the Section was held 
on August 2, 1951. 

One of the technical meetings was 
held at Mettur; the program included 
visits to factories and places of interest 
in the Mettur area. The Section is 
thankful to the authorities of the Met- 
tur Chemical & Industrial Corporation, 
Ltd., for giving all facilities in arrang- 
ing for the meeting. It is hoped that it 
will be possible to hold at least one 
technical meeting each year at an elec- 
trochemical center outside Bangalore. 

Members of the Section—The num- 
ber increased during the year from 28 at 
the end of 1951 to 36 to date. More will 
join from among those newly elected 
by the Society. Most of the members 
of the Society in India are members of 
the Section. 

Enrollment of new members to the 
Society.—The Section handled member- 
ship applications. The number of mem- 
bers admitted to the Society through the 
Section was 14 (as against 8 during the 
previous period) and 2 applications 
have been sent to New York. 

Membership Dues.—Section member- 
ship dues were fixed at Rs. 2-8-0. 
Society dues are collected and trans- 
mitted to New York. Most of the mem- 
bers are availing themselves of this 
facility. 

Patrons of the Section There are 
now 9 patrons (as against 6 during the 
previous period); the patrons newly 
enrolled are: P.S.N.S. Ambalavama 
Chettier & Co., Ltd., Madras, The 
Mettur Chemical & Industrial Cor- 
poration Ltd., Mettur Dam, and The 
Engineering and Mineral Industrial 
Research Laboratory, Bangalore. The 
Section should put in more efforts to 
enroll new patrons. The patrons con- 
tinued to be invited to technical 
meetings and furnished technical in- 
formation when it was requested. 

Committees.—The following members 
have served on various committees: 

Socitery—(1) Membership Commit- 
tee: B. K. Ram Prasad and V. M. 
Dokras. (2) Local Section Advisory 
Committee: Charat Ram and K. Raja- 
gopal. (3) Journal-Regional Editor for 
India: T. L. Rama Char. 

Sectrion—(1) Executive Committee: 


tober 19) 


B. K. Ram Prasad, J. 
K. Rajagopal, V. Aravamuttian, T 


Rama Char. (2) Bulletin Editorial 
mittee: B. K. Ram Prasad, J. Bal ted W 
chandra, V. Aravamuthan, Krishmorp., © 
murthy, T. L. Rama Char. (3) er-Cu 
tin Advisory Board: Charat Ram. 

L. Ramaswamy, M. Dokras, RoBe® 
Seshadri, 5. Ramaswamy, A. Joga Ramen! Ele 
B. Narayana Das, L. C. Jariwalg. ye Kno 


Nominating Committee: V. Par 


muthan, A. Joga Rao, K. Seshadri. aigporial | 
Advisory Committee: V. Aravamuthaj 
S. Krishnamurthy. DENN! 


Bulletin —The Board of Directors emica 
the Society approved of the proposimment of 
of the Section to issue a Bulletin of imc. M 
India Section of The 


Society. An Editorial Committee anampoplatit 
Advisory Board were appointed, anjampnghous 
it was decided to publish a quarterimurgh, | 


Two numbers, namely January 193 
and April 1952, have been issue 


It is distributed to members and p@\sistat 
trons, the Society Journal and Loeal 
tions, and important scientific institi; scie 
tions. Members will be glad to kno@fy Ark 


that the Bulletin has been well receivell(hessin 
by the Society. The feasibility of gettin 


(hemis 
it printed is being investigated. 

The Bulletin will be one of the in Epw 
portant activities and the Section should sta’ 
see that it maintains as high a standi(onn., 
ard as possible. Members are request 
to extend their cooperation by furnisify the 
ing, from time to time, any informatioG nent, 
available to them for publication. 

Other Activities.—The Section is doin Sam 
its best to stress the importance rom } 
electrochemical research, teaching, 20 nore, 
industry. In response to an invitatiof little 


from the National Metallurgical La 
oratory, Jamshedpur, the Section pat 
ticipated in a symposium on “Electr 
plating and Metal Finishing” held 
March 1952. Information on “Ti 
Teaching of Electrochemistry and Ee 
trochemical Engineeriag” was sent 
the Chairman in connection with th 
formulation of the course of studies | 
Electrochemical Technology by 
Andhra University. The electrochem« 
and allied industries in India are takin 
interest in the activities of the Sect 
by becoming patrons and sending 4 
vertisements for publication in 
Bulletin. They are also asking ! 
technical information the electr 
chemical field. The Section is qu 
hopeful that there will be increasi 
cooperation between it and the ind! 
tries. ‘ 
J. BaLacHanpra, 
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ceorce Keeveric, formerly asso- 
ed with United Drill and Tool 
rp., Chieago, is now connected with 


By yper-Cut Inc., Chicago. 
am, 
ras, Ropert M. Parke is now at the Gen- 
Radin! Electrie Research Laboratory at 
ala, ie Knolls, Schenectady, New York. 
Arava. Parke had been at Battelle Me- 
dri. rial Institute, Columbus, Ohio. 
huthag 

Dennts R. Turner has, joined the 
tors emical and Metallurgical Depart- 
roposgmment of Bell Telephone Laboratories, 
n of mm, Murray Hill, New Jersey. Dr. 
was formerly with the Elec- 
ee amoplating Projects Laboratory, West- 
d, Electrie Corp., East Pitts- 
Pa. 
y 195 
issu Hyman Cuessin has been appointed 
nd paE\sistant Professor and head of Chem- 
“al try Section, Arno Project, Institute 
nstit (Science & Technology, University 
kno’ Arkansas, Fayetteville, Ark. Dr. 
hessin had been in the Department of 
gettin (hemistry, Kenyon College, Ohio. 
he in Epwarp F. Fouey, Jr., has joined 
shoulfthe staff of Enthone, Inc., New Haven, 
stan@(onn., as a research chemist. Mr. 
est Foley was formerly Research Assistant 
Irnisiin the Chemical Engineering Depart- 
nent, Columbia University. 
n. 
Corrrett has transferred 
we 


mm Mathieson Chemical Corp., Balti- 
t, ME more, Md., to the company’s plant at 


CURRENT AFFAIRS 


M. K. T. Rerke has resigned as Di- 
rector of Research for the Longhorn Tin 
Smelter, Texas City, Texas, to accept 
a position as metallurgical engineer with 
Singmaster & Breyer, Consulting Chem- 
ical Engineers and Metallurgists, New 
York City. 


Joun has been appointed 
Director of the Inorganic Research 
Department, from Supervisor of Re- 
search, at Pennsylvania Salt Manu- 
facturing Co., Philadelphia, Pa. 


JACK BAIN HEADS 
JOURNAL ADVERTISING 


Jack Bain, Publishers Representative, 
545 Fifth Avenue, New York City, has 
been appointed advertising representa- 
tive for the Journat of The Electro- 
chemical Society, effective September 1. 

Mr. Bain has wide experience in this 
field having operated a Publishers 
Representative organization in New 
York for the past 18 years, specializing 
in trade and technical publications. 
During 1941-45 he served as Business 
Manager and Advertising Manager for 
the American Electroplaters’ Society, 
and was publisher for that Society’s 
official organ, Plating. 

He was responsible, in part, for or- 
ganizing the Association of Publishers 
Representatives, and is serving this 
year as president. He is a graduate of 
Oberlin College. 

Mr. Bain will be in charge of the ad- 
vertising program of the JouRNAL and 
can be reached at his office, 545 Fifth 
Avenue, Suite 1109, New York, N. Y., 
(Murray Hill 2-3345) or through the 


* little Roek, Ark JOURNAL Office. 
ect! 
Western 
Electrochemical Company 
h th 
* Manufacturers of 
_ CHLORATE and PERCHLORATE CHEMICALS 
and 
BATTERY TYPE 
g 3 ELECTROLYTIC MANGANESE DIOXIDE 
Plant: 
quit Henderson, Nevada 
"7 Research and Development Laboratory 
9036 Culver Blvd. Culver City, Calif. 
sure 
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DAVID A. PRITCHARD 


David A. Pritchard, prominent in the 
electrochemical industries for many 
years, died at his home in Montreal 
last May. 

Mr. Pritchard was born in Wales 
and came to the United States in 1910, 
where he was associated with the Penn- 
sylvania Salt Manufacturing Company 
and the Du Pont Company. From 1915— 
22 he was in England, and resigned as 
electrochemical superintendent of Im- 
perial Chemical Industries, Ltd., to 
come to Canada. He joined the Cana- 
dian Salt Company at Windsor, On- 
tario, and was instrumental in building 
a chlorine liquefaction plant, and in 
developing the triple salt process. From 
1931 until his retirement in 1946, he 
was connected with Canadian Indus- 
tries, Ltd. 

Mr. Pritchard was long active in The 
Electrochemical Society which he joined 
in 1917; he was a member of the Board 
of Directors from 1930-33. 


LETTER TO THE 
EDITOR 


Deposition of Trace Elements 
Dear Sir: 


A recent paper' suggested that the 
reason the deposition behavior of cer- 
tain trace elements, such as bismuth, 
followed the abbreviated Nernst Equa- 
tion when deposited onto an inert metal 
electrode* was because few sites on the 
inert electrode offered a bond to the 
bismuth atom as strong as, or stronger 
than, that of a deposited bismuth atom. 
Hence, even if a very large inert elec- 
trode were used, one would expect the 
rate of deposition of bismuth at apar- 
ticular potential to be proportional to 
the number of sites offering such bonds, 
providing the potential were such that 
bismuth would deposit readily upon a 
bismuth surface. One would expect to 
find the rate of deposition to be slow 
at the start and to increase with time 
as the fraction of the electrode area 
represented by bismuth increased. The 
rate should reach a maximum as soon 
as the electrode was completely covered 
with bismuth, following which the rate 
should fall off asthe concentration of bis- 
muth decreased during the electrolysis. 

Exactly this behavior has recently 


'J. T. Byrne anv L. B. Rocers, J. 
Electrochem. Soc., 98, 461 (1951). 

2J. Danon M. Harssinsky, J. 
Chim. Phys., 47, 951 (1950). 


| | 
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been reported for the deposition of 
bismuth onto either a platinum or a 
copper electrode from a solution con- 
taining an initial concentration of 500 
mg/l of bismuth in 0.25M tartrate and 
0.10M chloride. Although the com- 
position of this solution does not dupli- 
“ate those used by Haissinsky and his 
coworkers, it appears reasonable to 
conclude that qualitative confirmation 
of the explanation for such trace be- 
havior has been obtained. Although 
Lingane and Jones do not report an 
overvoltage for bismuth in their polaro- 
graphic studies with a platinum elec- 
trode, it is reasonable to expect that this 
overvoltage should be observed in the 
same way that undervoltages have been 
observed in similar polarographic (and 
deposition) studies with platinum elec- 
trodes of very dilute solutions of silver.‘ 
The fact that an overvoltage rather than 
an undervoltage has been observed 
many times for the initial polarogram 
of silver ion using a new graphite elec- 
trode indicates that traces of silver 
might, like bismuth, deposit according 


3J. J. LINGANE aNnp S. L. JONEs, 
Anal. Chem., 23, 1801 (1951). 
‘H. H. Mitier L. B. Rocers, 


Unpublished results. 


to the abbreviated Nernst Equation if 
graphite electrodes were substituted for 
platinum. 

It is interesting to note that there are 
also evidences of similar overvoltage 
effects with mercury cathodes. In at 
least one case the polarographic half- 
wave potential with a dropping mercury 
electrode is about 0.1 volt more cathodic 
than that on a pool of stationary mer- 
cury in which the deposited element is 
allowed to accumulate.’ It appears, 
therefore, that the deposition behavior 
of trace elements at a mercury cathode 
will be as complex as anticipated.‘ 

L. B. Rogers 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts 


T. L. Marpie L. 
Unpublished results. 

*L. B. Rogers, J. Electrochem. 
99, 267 (1952). 


B. RoGeErs, 


Soc., 


CORRECTION 


In the August issue of the JourNAL 
on page 203C, column 1, the reaction 
should read: 


Cu,Ch + Mg + 6H,0 
+ 2Cu + MgCl.-6H,0. 


tool. 


Ch DYNA-CATH Is Fastest 


Mercury Cathode Apparatus 


For determination of cerium in stainless steel, alu- 
minum in steel, aluminum in zinc base alloys, and 
other separations 
new high speed mercury cathode apparatus which 
accelerates and does a more complete job in the 
analytical separation of metals. 
DY NA-CATH quantitatively removes 5 grams of 

iron from 100 ml of electrolyte in 60 minutes. It 

overcomes the difficulties which have prevented 

utilization of the mercury cathode as an analytical | 


CORPORATION 


DYNA-CATH is a completely 


For example, 


Write for Bulletin 220 


SCIENTIFIC 
INSTRUMENTS 
£-OPPORATUS 
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BOOK REVIEWS 


GMELINS HANDBUCH DER On: Ganiscy) 
CuemMie. System No. 27 
Teila-Lieferung 4, Legier ingen 
Magnesium mit Zink bis Rheniyj 
Oberflachenbehandlung. Published 
Verlag Chemie, GMBH, Weinheiy, 
Bergstrasse, 1952. 

With this issue the publishers }, 
completed their study of magnesiy 
It comprises pages 483 to SIS of 
study and cites literature publis| 
through the end of December 19 
Subjects covered include the chemicj 
physical, and mechanical _propert 
of magnesium alloys with Zn, Cd, | 
In, Tl, Re, Ti, Zr, Th, Ge, Sn, p 
Mn, Ni, Co, Fe, Cu, Ag, Au, as well 
some other elements on which |iti 
information is presented. Many terna 
systems are also described as well as 
few higher polynary systems. T| 
section of the book comprises pag 
483 to 750. The surface finishing 
magnesium for protection against 
rosion is summarized on pages 760 { 
S17. 

To complete the deseriptive pictu 
of the coverage of this handbook 
magnesium, the first part, pages | 
156, covered the literature to Ap 
1937 and summarized the history 
magnesium, its extraction, and cou 
mercial processes for its fabrication. T 
second part covered the literature t 
May 1937 and summarized data on th 
physical properties, chemical and el 
trochemical properties, as well asanaly4 
ical methods. The third part of t 
handbook covered the literature to M 
1942 and dese ribed alloys of magnesiu 
and Si, Sb, Li, Na, K, In, Ca, Ar, an 
Ba, as well as brief mention of a { 
other alloying elements. 

The present and final issue of the mag 
nesium portion of the handbook « 
tains an extensive and exhaustive ct 
tion of original literature bearing on | 
subjects discussed. Much of this litera 
ture is summarized factually. 

The graphs and tables from the mor 
important articles are presented. Th 
literature does not appear to have beet 
examined critically. That is, discrep! 
cies in results of different investigal 
are not discussed nor is any attempt mad 
to determine which references may 
the most authoritative. 

It is unfortunate that the most 
portant’ alloying system, magnesill! 
aluminum, is not covered in th:s boo! 
Reference only is made to the alum 
num section of the handbook for ™é 
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ym-a uminum alloys. The coverage 
alloy. is really thorough as exem- 
ied, for example, by the 37 pages on 
wnesium-zine and 30 pages on mag- 
<jym-silver. 
The book is an indispensable work of 
sence for research workers in the 
dof magnesium. 
Joun C. McDona.p 


OF ALLOYS by Carl 
Wagner. Published by “Addison-Wes- 
ey Press, Inc., Cambridge, Mass., 
952 viii plus 161 pages, $6.50. 
Enlarged and revised translation of 
treatise “Thermodynamik metal- 
«her Mehrstoffsysteme” from Hand- 
h der Metallphysik, Volume 1, Part 2, 
ited by G. Masing (Akademische 
erlagsgeselischaft Becker and Erler 
Kon.-Ges., Leipzig, 1940). Translated 
Meligren and Westbrook. 
This treatise was translated in 1948. 
The present volume is the original 
wthor’s enlargement and revision of 
tat translation. The new material is 
wbstantial and includes presentation 
new methods and data as published 
etween 1940 and 1951, together with 
new sections on ternary and _ high- 
ner component systems, empirical 
ormulas, and relations between thermo- 
namie functions and the electronic 
nstitution of alloys.” 

Within the short span of only seven 
apters, the author presents a remark- 
ly detailed picture of the current 
tatus of the whole of this important 
abject. The pace is rapid and. all ex- 
es verbiage is avoided. Deficiencies in 
rent theory or data are clearly noted. 
Chapter 1 introduces the thermody- 
mic relations that are to be used and 
resents clear and forthright definitions 
all important terms and concepts. 
This theoretical material is then ap- 
ed in Chapters 2, 3, and 4, respec- 
ively, to problems associated with dis- 
ered solutions—both liquid and solid 
ordered solutions, and to relations 
etween thermodynamic functions and 
the phase diagram. Chapters 5, 6, and 
‘then present and discuss experimental 
ethods and results that relate to these 
nblems—in particular, heats of for- 
mation, activities, and equilibria in 
juid alloys and melts of salts. 

The bibliography is uncommonly 
mplete, containing 419 entries. In 
dition to the usual Subject Index, 
there is an Alloy Index which greatly 
‘uhanees the reference value of the vol- 
ime, 


J. N. Hossterrer 


CURRENT AFFAIRS 


RECENT PATENTS 


Selected for electrochemists by Fred. 
W. Dodson, Chairman of the Patent 
Committee, from the Official Gazette 


June 17, 1952 


Friedman, M., 2,600,526, Rechargeable 
Dry Cell Battery 

Shockley, R. E., 2,600,699, Zinc-Copper- 
Tin Alloy Plating 

Castlen, R. C., 2,600,732, Indicator- 
Type Adapter for Battery Cell Caps 

Zaccagnini, C. L., 2,600,823, Hot Top 
Electrode Tip 

Lark-Horovitz, K., and Whaley, R. M., 
2,600,997, Alloys and Rectifiers Made 
Thereof 

Wolie, J. K., 2,601,014, Preparation of 
Fluorinated Chlorocarbon Com- 
pounds 

Jacobs, H., and Hees, G., 2,601,024, 
Electrode Structure for Electron 
Discharge Devices 

Larach, 8., 2,601,032, Manganese Ac- 
tivated Zinc Barium Silicate Phos- 
phor 

Masterton, J., 2,601,043, Protective 
Means for Electricity Storage Bat- 
tery Cases 

Yardeny, M. N., 2,601,133, Recharge- 
able Battery 

Spencer, P. L., 2,601,178, Method for 
Producing Fluorescent Screens 

Fritzlen, T. L., 2,601,206, Medium- 
Strength Corrosion-Resistant Alu- 
minum Alloys 

Robinson, H. A., 2,601,214, Cathodic 
Protection of Underground Metals 


June 24, 1952 


De Ment, J., Application 748,632, 
Method and Means for Protection of 
Ships and Buildings from Radioac- 
tive Weapons 

De Ment, J., Application 791,074 
Method and Means for Structure 
Surface Protection 

Ellis, G. B., 2,601,267, Primary Alka- 
line Cell 

Fastie, W. G., 2,601,508, Compensated 
Thermopile 

Laney, L. E., 2,601,535, Electrolytic 
Treating Apparatus 


July 1, 1952 


Calvin, M., and Weigl, J. W., 2,602,047, 
Method of Concentrating Isotopic 
Carbon 

Faus, H. T., 2,602,095, Thermoelectric 


Device 
(Continued on page 290C) 


METALLURGICAL ENGINEERING 


By Reinhardt Schuhmann, Jr. 
Massachusetts Institute of Technology 


390 pp, 155 illus, 1952, $7.50 


Presents metallurgical engineering accord- 
ing to basic principles and unit processes 
rather than according to metals treated. 
Stresses integration of physical chemistry 
with metallurgical engineering and empha- 
sizes analysis and quantitative solution of 
engineering problems rather than descrip- 
tive treatment of current practices. 


THERMODYNAMICS OF ALLOYS 


By Carl Wagner 
Massachusetts Institute of Technology 


161 pp, 37 illus, 1952, $6.50 


Summarizes principles of thermodynamics 
of binary and multicomponent. systems: 
methods of experimental determination of 
characteristic thermodynamic quantities 
such as heat of mixing formation, partial 
free energies of mixing, activities, etc.: 
methods of calculating thermodynamic 
quantities from other quantities which have 
been measured; available experimental data 
and indirectly obtained values: atomic and 
electronic interpretation of data; treatment 
of equilibria between alloys, salt melts, 
oxide melts, silicate melts, etc. 


ELEMENTS OF CERAMICS 


By F. H. Norton 
Massachusetts Institute of Technology 


246 pp, 194 illus, 1952, $6.50 


Presents principles underlying the various 
processes used in the ceramic field with 
illustrative applications. Emphasis is on 
unit processes rather than products. A 
complete reference for research workers and 
ceramic engineers, by one of the foremost 
authorities of the present time. 


ELEMENTS OF PHYSICAL METALLURGY 
By A. G. Guy, Purdue University 
293 pp, 218 illus, 1951, $6.50 


Fundamentals of physical metallurgy with 
emphasis on underlying ideas of the subject 
rather than applications. Important appli- 
cations are introduced as illustrative ex- 
amples. Examples are made quantitative 
rather than merely qualitative. A broad, 
unspecialized coverage of the whole field, 
including an unusual appendix of the liter- 
ature of metallurgy. 


The above books are part of 

THE ADDISON-WESLEY 

METALLURGY SERIES 
Morris Cohen, Consulting Editor 


Detailed descriptions of above 
books are available upon request 


ADDISON-WESLEY PRESS, INC. 
CAMBRIDGE 42. MASS. 
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Welch, C. H., and Welch, J. M., 2,602,- 
105, Battery Terminal Connection. 


July 8, 1952 


Hunrath, G., Application 194,005, 
Method of Improving Electrolyte 
Paste 

Seaff, J. H., and Theuerer, H. C. 2,- 
602,211, Rectifier and Method of 
Making It 

Binder, W. O., and Thompson, J., 
2,602,737, Corrosion Resisting Steels 

Jennings, P. A., 2,602,738, High-Tem- 
perature Steel 

Seaff, J. H., and Theuerer, H. C., 2,- 
602,763, Preparation of Semiconduc- 
tive Materials for Translating De- 
vices 

Beaver, J. F., 2,602,774, Method of 
Plating Copper 

Isherwood, E. I., 2,602,775, Electro- 
deposition of Zine 


Mould, G. J. J., 2,602,776, Electrolytic 
Method of Winning Zinc 
Stumbock, M. J., 2,602,826, Process for 


Manufacturing Alkaline Storage Bat- 
teries 

Brennan, J. B., 2,602,843, Electrolytic 
Cell 

Fraeckel, V. H., and Koller, L. R., 2,- 
602,900, Luminescent Screen 


July 15, 1952 


Blickensderfer, P. S., 2,603,593, Elec- 
trodeposition of Metals 

Woodman, F. W., and Crowell, J. M., 
2,603,594, Method of Electrolytically 
Producing Manganese 

Reydel, G. H., 2,603,595, Plating Thick- 
ness Meter 

Vangsnes, K. T., 2,603,596, Anode Sus- 
pension and Electrical Connection 

Chappell, C. H., 2,603,669, Large Flee- 
trode with Thermal Stress Relief 

Pahler, C. F., 2,603,670, Storage Bat- 
tery 

Burns, H. C., and Wilson, H. D., 2,- 
603,671, Battery Assembly 

Reppert, R., 2,603,672, Cover Construe- 
tion for Storage Battery Cells 


July 22, 1952 


Cushing, R. E., 2,604,441, Method of 
Producing Inorganic Compounds of 
Increased Oxidation State 

Lambert, J. M., and Hamm, F. A., 
2,604,442, Production of Metal Pow- 
ders of Small Size 


July 29, 1952 


Schaefer, R. A., and Mohler, J. B., 
2,605,149, Bearing 


JOURNAL OF THE ELECTROCHEMICAL SOCIETY 


Freud, H. M., dit Frasch, Jean, 2,605,- 
217, Protection of Metallic Objects 
by Galvanie Action 


LITERATURE 
FROM INDUSTRY 


CoLLomDAL GRAPHITE. Six-page, two- 
color bulletin on “Colloidal Graphite 
for Surface Coatings and Impregna- 
tion.” Electric furnace graphite of high 
purity, when rendered colloidal and dis- 
persed in a suitable carrier, finds new 
uses as a dry-film lubricant—surface 
coating for many mechanical devices— 
and as an impregnating medium for 
such materials as porous minerals, 
cloth, asbestos, etc. Acheson Colloids 
Co. P-64 


DIMENSIONAL Data SHEETS on a line 
of valves for fluid control have just 
been released. These sheets give com- 
plete valve dimensions which should 
prove extremely valuable in planning or 
designing new equipment in instrumen- 
tation or industrial fields. Hoke, Inc. 

P-65 


VotraGe Power Svup- 
PLiges. 20-page catalogue and new con- 
densed brochure have just been re- 
leased describing voltage regulated 
power supplies; of interest to all users 
of electrical and electronic equipment. 
Kepco Laboratories, Inc. P-66 


Piastic CoatinG For Spray Boorus. 
Two-color leaflet describes the use and 
application of a new vinyl-type coating 
for paint spray booths. The coating is 
easily peeled off, taking with it all paint 
overspray, to give quick, low-cost main- 
tenance. Detrex Corp. P-67 


GaGrEs AND VaALves. New folder de- 
scribes line of liquid level gages and 
valves, water columns, gage illumina- 
tors, etc. Jerguson Gage & Valve Co. 

P-68 


VipraTion Meter. New 4-page bulle- 
tin describes the 1-110B Vibration 
Meter, a simple and compact instru- 
ment, which gives direct readings of 
both linear and torsional velocity and 
displacement, allowing rapid, easy cal- 
culation of the vibrational characteris- 
tics of machines and structures. Con- 
solidated Engineering Corp. P-69 


Pump AppiicaTion Guipe. A new 
type of reference chart on small pump 


Ox Ober If 


applications lists the variou: types 
pumps, services for which ea: h ig 
performance, and special featuyys 
each. Tuthill Pump Co. ty 


DIFFERENTIAL-VOLTAGE 
Bulletin describes a new indicator 
signed to measure differentia! yo), 
as well as amperage, speed, pressure , 
other quantities which can be conye, 
to voltage. Features self-halan 
circuit with a high degree of sta} 
and freedom from drift; can be se 
indicate full scale for voltages as x 
as 0.022 volts, and can be used 
standard accessories, etc. General |) 
tric Co. 


To receive further information 
on any product or process listed 
here send inquiry, with key nun. 
ber, to JOURNAL of The Electro. 
chemical Society, 235 West 102nd 
Street, New York 25, N. Y. 


Please print your name and ad. 
dress plainly. 


EMPLOYMENT 
SITUATIONS 


Please address replies to box show 
% The Electrochemical Society, |: 
235 W. 102nd St., New York 25, N 


Position Available 


Researcu Associate of Ameri 
Electroplaters’ Society to work 
National Bureau of Standards on ye 
meability and protective value of eé 
troplated coatings. College gradu’ 
Salary $3400-4200 per year. App 
tion should include qualifications « 
minimum acceptable salary. Reply { 
Box A-242. 


Positions Wanted 


CuemicaL Enomneer, BS., 
M.S. 1952, 6 years’ industrial plu: 
years’ Civil Service experience in ¢! 
trochemical field (plating, battene 
supervision, development, resea 
Adaptable, mechanically inclined. A\ 
able September. Reply to Box 349. 

ELecrrocuemist, Ph.D., indust! 
experience in deposition, corrosi! 
analytical instrumentation. Present 
ary $6500. Desires position in indust 
Available in 15-30 days. Reply to 5 
350. 
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Industrial Electrolysis | 
Tie Industrial Electrolytic Division is happy to join in celebrating the ' 
Fiftieth Anniversary of The Electrochemical Society. A few of the industries : 
—. represented in the Division are older than the Society but most are younger. The | 
num. Industrial Electrolytic Division was organized to serve the interests of those elec- Bit 
~~ trochemists manufacturing chemicals and winning metals by the electrolytic 
method. Fifty years ago, salt was already being electrolyzed to make caustic soda “i 
1 ad. and chlorine by both the mercury cell and diaphragm cell process. Sodium 
chlorate was also being made. Hall had developed his process for aluminum, and fos 
sodium was being made by electrolyzing fused sodium hydroxide. This list of x 
products has grown during the life of the Society with sodium perchlorate and :. 
hydrogen peroxide among the chemicals. Electrolytic sodium hypochlorite has a 
occasionally been made. Sodium is now made from fused salt rather than fused x 
caustic soda. Other metals obtained electrolytically include beryllium, bismuth, 
“= calcium, cadmium, cerium, chromium, cobalt, copper, gold, indium, lead, lith- i 
~ In ium, magnesium, manganese, nickel, silver, tin, uranium, and zine. Will tita- a 
»N nium and some of the “rare’’ metals join the group? om 
Members of the Division have prepared eight review articles covering various . 
= fields. The aluminum industry is covered historically and, in addition, recent -} 
rk technical advances in Europe are brought to our attention. The biography of a 
4 : an early but little known experimenter in aluminum, Augustus J. Rogers, is 4 
os given in the Feature Section. The magnesium and sodium industries were re- 7 
pp viewed individually while other metals were reviewed as a group. Reviews were iA 
" obtained on alkali-chlorine, chlorates and perchlorates, and hydrogen peroxide. kd 
The Division is indebted to the individual authors. eh 
Several of these industries were operated almost as secret processes for many . 
years. The great expansion during World War II required the licensing of many 
193 
(Continued on next page) 
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Editorial (continued) 


processes and passing on of “know-how” to licensees. The technology became 
so widely known that publication policies became more liberal. German proc- 
esses were investigated after the war and details published so that a great deal 
of information is now generally available. The Division has been able to arrange 
symposia on a number of subjects of mutual interest. 

One of the common interests of those in the Industrial Electrolytic Division 
is cheap direct current. Power is one of the major costs in most of these industries. 
Motor generators and synchronous converters served the industry for many 
years. Conversion efficiencies were of the order of 80 and 90 per cent, respec- 
tively, depending on the circuit voltage. Cell circuits were built up with a num- 
ber of cells in series to arrive at the efficient operating voltage and the desired 
production capacity. The mercury are rectifier was developed in the thirties 
and improved efficiencies were obtainable, if circuit voltage of 500 to 700 volts 
could be used. Practically all of the electrolytic expansion during World War II 
was with the ignitron type of mercury are rectifier. This required special safety 
precautions because of the high voltage. At the end of the war, it was found that 
the Germans had been developing a mechanical rectifier of even higher effi- 
ciency. The high efficien y extends from 50 to a top-operating voltage of about 
400 volts. Machines of advanced design are now being built in the United States 
and several high-amperage installations have been in successful operation for 
several years. High efficiency without the hazards of high voltage seems like the 
answer to the industrial electrochemist’s prayer. 

Another trend in electrochemical circuits has been toward larger and larger 
cells. Electrolytic cells require a considerable amount of individual control and 
maintenance. A large cell can be controlled as readily as a smal'er one so labor 
costs can be reduced by increasing cell size. The largest units are in the aluminum 
industry where one hears of 100,000 ampere ‘“‘pots.’”’ Magnesium cells have been 
operated at 75,000 amperes and mercury type caustic-chlorine cells are operating 
at 50,000 amperes. Cells of such a size can’t equal the daily production of a blast 
furnace but they are working in the right direction. 
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INDUSTRIAL ELECTROLYSIS 


Fifty Years’ Progress in Electrowinning and Electrorefining 


A. C. Loonam' 


jy 1902, when The Electrochemical Society was founded, 

» word “electrometallurgy” was synonymous with electro- 

ting to a great many people and at least one book on plat- 

» with that title was in circulation. However, what may be 

med the “electrolytic metallurgical industry” was in a 

ste of great activity. Faraday’s laws had been known for 

e than sixty years; Lorenz had found that they apply to 
«i salts as well as aqueous solutions; Davy, Bunsen, and 
tiers had shown that practically any metal could be re- 
ered electrolytically under the proper conditions; and 
ye supplies of power were available from newly installed 
am and hydroelectric plants. Indeed, the time might well 
termed a period of overoptimism as there were many who 
bought that electrochemistry was the key to the solution 

{all metallurgical problems. It is not surprising, therefore, 
mt men like Hoepfner, Borchers, Ashcroft, and engineers 

siemens and Halske were busy devising processes for the 

traction and recovery of all of the then common metals 
that patents were being issued at high rates in the major 

plustrial countries. Some of these processes reached pilot 
nt and even industrial scales of operation before they were 
ndoned, and many very valuable details were disclosed 
ch were later incorporated in other and more successful 
CESSES. 

Furthermore, the industry had reached a position of con- 

erable commercial importance. The Hall-Heroult process 
ws 14 years old and had produced 7450 long tons of alumi- 
wm in 1901; the Castner sodium process was in operation 
i} Niagara Falls, in England, and on the Continent; and 
ectrolytic magnesium had already made its start in Ger- 

ny. The histories of these metals are discussed in other 

{mong the heavier nonferrous metals, the electrolytic re- 
‘ing of copper was well established. Ulke (1) listed ten 
rineries operating in the United States in 1902 with an 
anual total capacity of 339,450 short tons, and 23 in Europe 
vith a capacity of about 46,000 short tons. It is of interest 
note that, even at that time, eight of the American plants 
uid 19 of the others used the “multiple” electrode arrange- 
went, and that six of the American plants are still in opera- 
ton. The Hoepfner electrolytic zine process using a chloride 
teetrolyte was operating in a plant at Winnington, England, 
‘hich produced 1663 long tons of metal in 1901, and in two 
ither plants on the Continent. The Moebius and the Bal- 
h-Thum processes were in use for the parting of gold and 
‘iver, and gold was being refined commercially by the Wohl- 
il] process. 

The fifty years since 1902 have been a period of great ex- 
aision for the industry. Some processes are still in use on a 
ger scale, and new ones have been born and attained great 
“portance. Considering the individual processes, the re- 
ting of copper has kept pace with the demand for that metal. 
There are now nine refineries in the United States with a 
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total capacity of 1,700,000 short tons a year. The latest, that 
of the Kennecott Copper Corporation at Garfield, Utah, went 
into operation in June 1950, and has a capacity of 144,000 
tons a year and can be readily expanded to 192,000 tons (2). 
The electrolyte contains 40 g/l Cu and 200 g/l H.SO,, current 
density is 16 amp /ft?, and the cathodes are melted in electric 
furnaces. 

The expansion of the industry has not been confined to the 
United States (3). Large modern refineries have been built 
in recent years in Canada, Germany, Sweden, Finland, 
Russia, Northern Rhodesia (4), Australia, and other coun- 
tries. The two Canadian plants at Copper Cliff, Ontario, and 
Montreal East, Quebec, have a total capacity of over 230,000 
tons a year. The Northern Rhodesian plant is unusual in that 
it was built to eliminate bismuth from the copper, which does 
not contain sufficient precious metals to pay for its refining. 

Electrolytic refining has also become important in the treat- 
ment of secondary copper. Nearly 200,000 tons were recov- 
ered in the United States by this method in 1949. Most of 
this probably came from scrap treated at the primary re- 
fineries, but there is at least one electrolytic refinery in the 
United States operating exclusively on secondary metal. 

The process is still basically the same as it was fifty years 
ago, but improvements have increased its efficiency and re- 
duced costs. Adoption of a high acid electrolyte in the early 
1920’s reduced the cell voltage and therefore the power con- 
sumption (5), while direct casting of anodes at the smelter 
eliminated a melting and recasting operation. 

Electrowinning of copper was not practiced in 1902, al- 
though the basic principles were known. The first large in- 
stallation of this type was at Chuquicamata, Chile, to treat 
the oxidized ores of the huge copper deposit at that point. 
The process was worked out in a pilot plant at Perth Amboy, 
New Jersey, and operation of the full-scale plant started in 
1915 (6). The ore is leached by percolation in large vats with 
spent electrolyte containing free H.SO;. The strong solution 
is treated to remove Cl as CuCl by treatment with “cement” 
copper, and electrolyzed in cells with insoluble anodes and 
copper cathodes (7). Because of nitrates and chlorides in the 
ore, it was originally planned to use magnetite anodes, but 
importation from Germany was stopped by World War I 
and Duriron anodes were substituted. These were later re- 
placed by the “Chilex’’ copper silicide anode and ultimately 
by antimonial lead as the nitrate content of the ore decreased 
with depth. 

Expanded several times, this plant reached a peak output 
of 243,565 tons in 1947, a figure exceeded among electro- 
winning plants only by the aluminum plant at Arvida, 
Quebec. 

Subsequently, similar plants were built to treat oxidized 
copper ores at Ajo and Inspiration, Arizona, Potrerillos, 
Chile, and at Jadotville-Shituru in the Belgian Congo (8). 
The Ajo plant used SO, in solution as an anodic depolarizer; 
Inspiration maintains a concentration of ferric iron in the 
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electrolyte which increases the solvent action on the sulfides 
in the ore, but does not seriously reduce current efficiency 
even in the absence of a diaphragm; Potrerillos used a solu- 
tion purification similar to that used in zine plants prior to 
electrolysis; and the Jadotville plant leaches by agitation. 

This process may have seen its best days. The Ajo plant 
was shut down in the mid 1920’s because of exhaustion of the 
oxidized ores, that at Potrerillos was shut down recently for 
the same reason, while at Chuquicamata a flotation plant 
and a smelter are being installed to take over as the oxidized 
ores become depleted. On the other hand, Inspiration pro- 
duced 39,125 tons of copper in 1951, and the Jadotville- 
Shituru plant is being expanded to a total capacity of 100,000 
tons a year. 

It is generally supposed that electrolytic zine from sulfate 
solutions is a product of World War I, but experiments were 
under way at Bully Hill, California, and at Trail, British 
Columbia, before that war broke out (9). The stimulus was 
probably the treatment of complex lead-zine ores, since selec- 
tive flotation was practically an unknown art at the time; but 
there is no question but that the demand of the Allies for high 
grade zine for cartridge brass accelerated development of the 
process which went into commercial operation in a 100-ton 
a day plant at Great Falls, Montana, and a 60-ton plant at 
Trail about the year 1916. 

The end of the war caused a sharp reduction in the demand 
for high grade metal and it became necessary at times actually 
to add impurities to the electrolytic product and sell it as 
Prime Western grade to avoid loss of the premium on the 
purer product. However, the development of zine-base die 
casting alloys by the New Jersey Zine Company and their 
adoption by the automobile industry soon supplied the needed 
markets for high grade metal. 

The subsequent expansion of the industry was rapid. It 
now accounts for about 45 per cent of the world production 
of primary slab zinc, including all of that of Canada, Aus- 
tralia, Norway, and Northern Rhodesia, and 40 per cent of 
that of the United States. There are now at least 26 plants 
in the world with a total capacity of about 1,100,000 short 
tons a year (10). They are distributed among 13 countries 
and there is at least one on every continent. The latest plant 
to go into operation, that of the Cerro de Pasco Corporation 
in Peru, was expected to reach its rated capacity of 35 tons 
a day in the second quarter of this year. 

There are five plants in the United States with a total of 
3370 cells as of December 31, 1949 and a combined capacity 
of 938 tons a day. The newest is that of the American Smelt- 
ing and Refining Company at Corpus Christi, Texas (11), 
with a capacity of 82 tons a day, which is soon to be increased 
to about 150 tons to treat zine oxide fume from lead blast 
furnace slags. The current density is 60 amp /ft®; the anode 
is the Tainton silver-lead alloy; and all of the product is 
Special High Grade, 99.99 per cent Zn. 

Canada has two plants, at Trail, British Columbia, and 
Flin Flon, Manitoba, with a combined capacity of 600 tons 
a day. In December 1950, the Consolidated Mining and 
Smelting Company announced plans to increase the capacity 
of the Trail plant by about 70 tons a day. 

The process remains basically the same as it was at the 
start, but there have been significant improvements in detail. 
Flash roasting, improved leaching cycles, more effective solu- 
tion purification, the Tainton silver-lead anode, the mercury 
are rectifier, and casting wheels have offset rising costs to 
some extent and have led to the production of higher purity 
metal. A large proportion of the output is now Special High 
Grade. 
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In the early 1920’s, U. C. Tainton developed 
process, using a current density of 100 amp /ft® anc 4 strone 
acid electrolyte operating at a high temperature, which y 
installed in 1928 at the plant of the Sullivan Mining Co, 
pany at Kellogg, Idaho, where it is still in operation, Sul 
quently, a second plant was built at East St. Louis for 9 
Evans-Wallower Zine Company (12), but was later gh 
down; and when it was taken over and rehabilitated by 4 
American Zinc Company about ten years ago, the more ortl 
dox current density of 30 amp/ft® was adopted. 

To date, the electrolytic zine process has stood up we 
against competition. The New Jersey Zine Company’s cof 
tinuous vertical retort-fractional distillation process, and 4 
St. Joseph Lead Company’s electrothermic process, bot! 
which can produce high grade metal, have not serious 
affected its growth. The new Sterling electrothermie proces 
recently announced by the New Jersey Zine Company, » 
provide stronger competition as the Cerro de Pasco Corpor 
tion has postponed expansion of its electrolytic plant pend 
the results of an investigation of this process. 

An interesting application of electrolytic zine developed i 
the 1930’s is the Tainton or “Bethanizing” process for ele 
trogalvanizing of steel wire at the Sparrows Point, Maryla 
plant of the Bethlehem Steel Company. Leaching of roast 
zine concentrates with spent sulfate electrolyte and purific 
tion of solutions are carried out as usual, but the cathodes 
the electrolytic cells are moving steel wires upon which ¢! 
zine is deposited. The product is considered superior to wit 
produced by the hot-dip process. 

Just about the time The Electrochemical Society w: 
founded, an electrolytic process for the refining of lead, ¢ 
veloped by Anson G. Betts and using a solution of lead fly 
silicate as the electrolyte, was built at Trail, British Columbi 
(13). Subsequently, plants were built at Omaha, Nebrask 
East Chicago, Indiana, and in other parts of the world. T 
chief value of this process is its ability to remove bismut 
The development of the Betterton process for the removal 
bismuth by addition of calcium and magnesium to molte 
lead led to the closing of the Omaha plant, but those at Tr 
and East Chicago, with capacities of 170,000 and 42,000 tou 
a year, respectively, are still in operation. The latest plant 
at Oroya, Peru, had a capacity of about 44,000 tons a yea 
in 1945, but plans for expansion by converting part of a co 
per refinery were announced in 1951. The electrolyte contain 
80 grams of lead and 74 grams of free fluosilicie acid per lite 
the current density is 17.7 amp/ft?, and the cell voltage () 
to 0.6 (14). A recent paper (15) describes a refinery nes 
Milan, Italy, with a capacity of 18 tons a day which uses 
solution of lead sulfamate as the electrolyte 

The major proportion of the Canadian nickel output 
refined electrolytically at two plants located at Port (0! 
borne, Ontario, and at Kristiansand, Norway. Both w 
diaphragm cells from which the anolyte is withdrawn, treate 
to remove copper and iron, and returned to the cathode com 
partments. The Port Colborne process is relatively simpli 


Modif 


as the major separation of copper and nickel is accomplishe 
during concentrating and smelting at Copper Cliff, but, « 
Kristiansand, electrolysis is a major step in the separate re 
covery of copper and nickel from matte by a modified Hyb 
nette process. Electrolytic copper is also produced at t! 
plant. 

The Port Colborne plant has recently changed over from 
a sulfate to a sulfate-chloride electrolyte to secure increase 
conductivity and lower cell voltage or greater capacity. | 
would be of interest to find out whether the new method ¢ 
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aration of copper and nickel now in operation at Copper 
g has had any effect on the operation of this refinery. 
the new hydrometallurgical process recently announced 
the Chemical Construction Company (16) for the re- 
ery of copper, nickel, and cobalt from complex ores may 
wide severe competition for electrolytic methods. It is 
w being installed in three plants which otherwise might 
ve used the other. 

(Cadmium is a relatively valuable by-product of many lead 
j zine plants. It is recovered from flue dusts or from the 
ye dust precipitate in electrolytic zine plants by wet meth- 
s. the final step of which is precipitation of the cadmium 
a sponge on zine slabs. In general, this sponge is refined 

the pyrometallurgical plants by briquetting and distillation, 
oi in the electrolytic zine plants by dissolving in acid zine 
vimium sulfate solution, followed by electrolysis with lead 
odes and aluminum cathodes. At Corpus Christi, Texas 

|), the strong and spent electrolytes contain 200 and 100 
ams of cadmium per liter, respectively; the current density 
10 amp/ft?, and the cell voltage about 2.5. Probably be- 
“een 40 and 50 per cent of the 11,000,000 lb produced 
nnually in the world is recovered by electrolytic methods. 

One of the most interesting developments of recent years, 
vientifically and practically, is the production of electrolytic 
anganese. This metal is considerably more electropositive 
than zine; its deposition from aqueous solutions at commer- 
4! current efficiencies is therefore a real achievement. 
furthermore, since there is no other commercial method for 

eparing high-purity manganese, the process makes avail- 
ble to industry what is practically a new metal. 

Worked out on a laboratory and pilot plant scale in the 
arly 1930's by Shelton and his coworkers at the U.S. Bureau 
‘Mines, the process was brought to full seale by the Electro 
\langanese Corporation at its plant at Knoxville, Tennessee, 
hich began operation in 1939, and, after several expansions, 
ww has a capacity of 3600 short tons a year. 

The process is similar to electrolytic zine but with important 
iffierences (17). Since manganese occurs in nature chiefly 
« the higher oxides, the ores or concentrates must first be 
«luced to the strongly basic MnO prior to leaching. The 
ectrolyte is a solution of manganous and ammonium sul- 
ates. Solution purification is even more stringent than with 
ne. Electrolysis is carried out in diaphragm cells using lead 
nodes containing small amounts of cobalt, antimony, and 
tin and stainless steel cathodes from which the manganese, 
hich deposits in the brittle alpha modification, is broken 
f by flexing and hammering. The product is better than 
49 per cent pure. Cell voltage is 5.0 to 5.3, cathode current 
ensity 40 to 50 amp /ft®, and current efficiency 60 to 65 per 
ent. With the lead alloy anodes, only 2.5 per cent of the 

anganese fed to the plant is oxidized to MnOQv. 

It was announced early in 1952 that the capacity of the 
Knoxville plant is to be doubled to 7200 tons a year and that 
the Eleetro Metallurgical Company will build a plant at 
Marietta, Ohio, with a capacity of 6,000 tons a year. 

Electrolytic cobalt is produced at the rate of 200 to 300 tons 
er month at the Jadotville-Shituru plant of the Union Min- 
ee du Haut Katanga in the Belgian Congo as a co-product 
u the electrowinning of copper (18). The cobalt builds up 
w about 6 to 7 g/l in the circulating leach-electrolyte, from 
‘hich it is recovered as fairly pure cobalt hydroxide by a 
vmbination of lime precipitation, electrolysis, and cementa- 
tion on metallic cobalt. The cobalt electrolyte contains about 
0) ¢ 1 of cobalt hydroxide in suspension to keep it neutral. 
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The principal impurity in the cathode cobalt is 3 to 5 per 
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cent zinc, which is volatilized when the metal is melted in 
electric furnaces. 

It is probable that there are other plants producing elec 
trolytic cobalt. The Faleonbridge Nikkelverk was expected 
to begin production from Canadian copper-nickel matte at 
its Kristiansand, Norway, refinery in 1951, and the United 
States Economic Cooperation Administration made a grant 
of $550,000 in 1950 to the Rhokana Corporation for a plant 
to produce it from a Northern Rhodesian concentrate (19). 

It has been known for many years that metallic chromium 
can be deposited from chromic acid solutions containing smal! 
amounts of chromic salts. This process has been applied on 
a laboratory scale to produce small quantities of metallic 
chromium and has also been widely adopted for electroplating 
of this metal. However, this type of bath is not suitable for 
electrowinning or electrorefining as power yields are low be- 
cause the chromium is deposited from the hexavalent state, 
current efficiency is low, and cell voltage is high. In the last 
five years or so, however, the U. 8. Bureau of Mines has 
shown that chromium can be deposited from the trivalent 
state at current efficiencies well over 60 per cent (20). A dia- 
phragm cell is used, current density is 80 amp /ft*, cell volt- 
age 4.8, and the catholyte is a solution of chromous, chromic, 
and ammonium sulfates. It was reported late in 1950 that 
the Electro Metallurgical Company planned to study a modi- 
fication of this process, presumably for treatment of ferro- 
chrome at its Marietta, Ohio, plant. 

During World War I, the increased demand for tin and a 
shortage of Straits metal due to lack of shipping induced the 
American Smelting and Refining Company to construct and 
operate a smelter for Bolivian concentrates at Perth Amboy, 
New Jersey. The final step in the process was electrolytic 
refining (21). At first a stannous fluosilicate electrolyte was 
used, but this was later replaced by a sulfate-aromatic sulfo- 
nate solution. The plant reached a capacity of 1500 short tons 
a month, but was shut down a few years after the war when 
the supply of Straits tin again became normal. 

Electrolytic parting of gold and silver in Dore bullion 
continues to expand. The tendency in recent years has been 
to favor the Moebius process, which uses vertical electrodes 
and sheet silver cathodes over the Balbach-Thum process 
with its horizontal electrodes and graphite cathodes placed 
at the bottom of the cells. Both use a weak solution of silver 
nitrate acidified with nitric acid as the electrolyte and enclose 
the anodes in cloth bags to catch the slimes which contain 
the gold and any platinum metals. In a modification of the 
Moebius process used by the Cerro de Pasco Corporation 
(14), the electrolyte is an almost neutral solution of silver and 
cupric nitrates, current density is 12 amp/ft®, and the alumi- 
num cathodes are stripped every 48 hours. 

The Wohlwill process for refining of gold is also in a healthy 
state. An improvement introduced about 1910, the super- 
imposition of an alternating current on the direct current, 
minimizes the tendency of silver chloride to form an im- 
pervious film on the anode. At the plant of the International 
Nickel Company (22), Copper Cliff, Ontario, the electrolyte 
contains 90-100 g/l gold and 100 free hydrochloric acid, 
current density is 100 amp/ft?, and the cell voltage 2.0. 
Apparently no alternating current is used, presumably be- 

‘ause the impure gold, recovered from the slimes of Balbach- 
Thum cells, does not contain enough silver to require it. 

Among the minor metals, bismuth was being refined elec- 
trolytically in Balbach-Thum cells using a BiCl;-HC!1 electro- 
lyte at the Omaha, Nebraska, refinery of the American 
Smelting and Refining Company in 1927, but it is not known 

whether the process in still in operation. 
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Beryllium is being made by electrolysis of a fused beryllium 
chloride-alkali chloride bath. The oxyfluoride process devel- 
oped by Siemens and Halske in the 1920’s has been aban- 
doned because of the toxicity of the vapors given off. 

Before World War II, the United States’ supply of metallic 
calcium came from France, where it was made from the fused 
chloride by the “contact electrode” method (23). In 1939, 
the Union Carbide and Carbon Company started produc- 
tion by the same method at a plant at Sault Ste. Marie, 
Michigan (24), which is still in operation. The Pidgeon 
aluminothermic process is providing severe competition for 
the electrolytic method and would probably be favored if 
demand for this metal should increase. 

Crude metallic cerium or “mischmetal’”’ is being produced 
in the United States by electrolysis of fused alkali chloride- 
rare earth chloride mixtures (25) in plants at Niagara Falls, 
New York, and Edgewater, New Jersey. The improved high 
temperature properties of magnesium-rare earth metal al- 
loys and other new applications may increase the demand 
for this metal in the near future. 

Electrolytic indium (26) is probably produced by the 
Anaconda Copper Mining Company at its Montana zine 
plants. Consolidated Mining and Smelting Company is using 
an electrolytic process at Trail, British Columbia. 

There are plants for producing metallic lithium from the 
fused chloride at Maywood, New Jersey, and Minneapolis, 
Minnesota. The latter, constructed within the last five years, 
is a modern one and is now in process of expansion. A plant 
in Long Island City, New York, with four 8000-10,000 amp 
cells operated during World War II, but was shut down 
shortly thereafter. Lithium has interesting possibilities as an 
alloying metal. A 90 Mg-10 Li alloy has a body centered cubic 
structure and is more malleable, although not so strong as 
hexagonal magnesium alloys. 

It is a well-known fact that the first large supply of ura- 
nium of sufficient purity to be used in nuclear reactors was 
made by a process developed by J. W. Marden and his asso- 
ciates at the Westinghouse Lamp Works, Bloomfield, New 
Jersey, namely the electrolysis of a solution of KUF; in a 
fused mixture of calcium and sodium chlorides, using a 

graphite anode and a molybdenum cathode (27). 
Summing up, it is very evident that, even omitting alumi- 
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num and magnesium, the electrolytic metallurgic indyg 
has enjoyed a very healthy growth in the last fifty years | 
rosy prospects for expansion in the output of its me . 
products and the development of new ones, and can p 
itself on producing quality products on a quantity basis 
is a matter of special pride to the Society that many of 4 
men who were responsible for this progress were mem}, 
of the Society and that some of them, Lawrence Addick 
Colin G. Fink, Anton Gronningsater, John W. Marden, 4 
S. Skowronski, to name only a few, are still on its rolls 
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The aluminum industry in America was founded upon 
the discoveries of Charles Martin Hall, namely, that sub- 
stantial amounts of alumina could be dissolved in molten 
cryolite, and that the oxide of aluminum in this solution 
could be reduced electrolytically to metallic aluminum with- 
out decomposition of the molten cryolite. These discoveries, 
made in 1886, led to the formation of the Pittsburgh Reduc- 
tion Company, and the first electrolytic production of alumi- 
num started in Pittsburgh on Thanksgiving Day, ISS88. The 
small company had made substantial progress and had re- 
duction works at Niagara Falls, New York, and Shawinigan 
Falls, Quebec, when The American Electrochemical Society 


‘Aluminum Research Laboratories, Aluminum Company 
of America, New Kensington, Pennsylvania. 


A Half Century of Aluminum Developments 


Junius D. Edwards’ 


was founded in 1902. Charles Martin Hall was a charter 
member of this Society. 


Just prior to Hall’s invention, aluminum produced } 
chemical reduction of aluminum chloride with metallic % 
dium was selling for about $8 per lb. The Pittsburgh Redu 
tion Company tried to sell its first electrolytically-reducet 
aluminum at $5 per Ib but found few customers. Successi\' 
price reductions resulted in a widening of markets so that 
by 1902, the annual production at the Niagara and Shawit! 
gan Falls Works had increased to 7,478,000 Ib. In 1902 the 
price of ingot aluminum, in 100-lb lots, was 35 cents per lb, 
and 33 cents in lots of 2000 Ib or over. By this time it had 
become apparent that the future of the industry lay in secu! 
ing more extensive markets. Many potential customers neede 
stronger alloys than those available and alloys with bette’ 
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stance to corrosion. In 1907, the Pittsburgh Reduction 
mpan) had acquired a status which justified changing its 
Loe (0 Aluminum Company of America, a name now fre- 
ently shortened to Aleoa by press and public. 

In the year 1915, the industry was trying to meet market 
»nands with commercially pure aluminum and three or four 
wught alloys and a similar number of casting alloys. How- 
er, in this decade there was developed in Germany an 
iy called duralumin, which acquired greatly increased 
vength by a unique process of heat treatment. This alloy 
iracted the attention of the world by its performance in 
ie airships of Count Zeppelin during World War I. Research 
«js stimulated by this discovery and an investigation at the 
\ytional Bureau of Standards resulted in a plausible ex- 
nation for the mechanism of heat treatment. 

In the twenties, Aleoa’s Aluminum Research Laboratories 
mer the able direction of Francis C. Frary, Past President 

The Electrochemical Society, originated a series of heat- 
yeatable alloys with even wider application than duralumin. 
other important development was the clad aluminum 

duets in which the cladding electrolytically protected the 
re against corrosive attack. The first of these, developed 

E. H. Dix, Jr., was known as Alelad and had a coating of 
ie aluminum and a core of heat-treatable aluminum-copper 

y. Another important development of Aluminum Re- 
wrch Laboratories was the production by William Hoopes 

| Francis C. Frary of aluminum of 99.99 per cent purity, 

electrolytic refining. The Hoopes electrolytic cell em- 

yed a heavy aluminum-copper anode alloy on which was 
aperimposed a lighter fluoride-base electrolyte with the pure 

minum floating on top and serving as cathode. Graphite 
ectrodes served as cathode current leads. 

Today, the industry employs some 25 wrought alloys in 
ious forms such as plate, sheet, bar, extrusions, and forg- 
gs. A similar number of alloys find application in the pro- 
vtion of castings. The strength of commercially available 
ms of aluminum has about. tripled in fifty years. 

In the year following the founding of The American Elec- 
tochemieal Society, the Wright brothers flew a motor-driven, 
eavier-than-air plane for a distance of 852 ft. This plane’s 
wine had a number of aluminum parts, but it was to be a 

g time before the airplane offered a substantial market for 

minum. The hope for such a market was encouraged by 
te performance of the Zeppelins, but it was not until the 
cade following World War I that the all-aluminum air- 

ine became a commercial reality. The availability of strong 
minum alloys and investigations of structural design with 
minum have resulted in extensive application of this light 
etal not only in airplanes, trucks, automobiles, railroad 
tuins, and ships, but also in bridges, plant equipment, and 
ulding construction. 

American production was augmented by works erected 
t Massena, New York, Badin, North Carolina, and Alcoa, 
lennessee. In 1926, a new Canadian works with a tremendous 
ower reserve was started on the Saguenay River at a place 
led Arvida. In 1928, the aluminum works at Arvida and 
Shawinigan Falls were transferred by Alcoa to a new and 
wlependent corporation named Aluminium Limited. By 
480, American production had nearly reached the 300 mil- 
on-lb mark. 

Hall's basic invention of electrolytically reducing alumina 
‘solved in molten cryolite has stood the test of fifty years’ 
veration, and is still the process by which the world’s supply 
‘aluminum is produced. Obviously, however, there have 
“en important developments in the equipment employed 
ul i) Operational details. In Fig. 1 is shown an electrolytic 
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cell of the type which was in use at Niagara Falls and Shawin- 
igan Falls in that period. These were arranged in pot lines of 
about 100 cells carrying a current of about 12,000 amp. 
Today, pot lines are operating with currents of 50,000 to 
60,000 amp, and the cells have increased correspondingly 
in size. A modern cell and a group of cells are illustrated in 
Fig. 2 and 3. 


Fic. 1. Early type of Hall cell for the electrolytic reduction 
of alumina dissolved in fused eryolite bath. 


Fra. 2.,View of long line of modern type cells for electrolytic 
production of aluminum. 


For many years, the aluminum was removed from the cell 
through a tap hole. A floor opening te hpld the tapping 
crucible is shown in Fig. 1. Aluminum is removed from the 
modern cells by siphoning or pumping. 

The passage of fifty years has marked interesting changes 
in the electric power supply for the production of aluminum. 
The first power contract at Niagara Falls, signed in 1893, 
was for mechanical power delivered by a rotating shaft, 
which operated a direct-current generator in the reduction 
works. As new hydroelectric installations began to supply 
power for aluminum, a-c power was delivered to rotary con- 
verters near the pot rooms. The mercury are rectifier, when 
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a practical unit became available, was adopted generally by 
the aluminum industry. Today, about 1,750,000 kw of reeti- 
fiers are in operation in this service. The tremendous demand 
for aluminum, which developed during the World War II 
period, and the national power shortage, led Alcoa to initiate 
the use of natural gas engines for direct drive of d-c genera- 
tors. The next step away from hydroelectric power is the 
building of a plant in Texas employing lignite as a fuel to 
make high-pressure steam to supply power for generating 
current for the reduction of aluminum. In 1951, approxi- 
mately 4 per cent of the nation’s electric power was consumed 
in the electrolytic production of aluminum. 


Fic. 3. Top view of modern cell for electrolytic production 
of aluminum; rectangular baked carbon anodes and their sup- 
ports are shown, together with bins from which alumina is fed 
to the bath. 


The development of cells for the electrolytic reduction of 
aluminum can also be traced through the types of anode 
employed. Carbon anodes of high purity are required, because 
metallic impurities in the carbon are reduced and contami- 
nate the aluminum. The conductivity, mechanical strength, 
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resistance to oxidation, and other characteristics are jqy, 
tant in the efficient operation of the process, and hay, 
been given attention in developing satisfactory anodes, 
cell shown in Fig. 1 employed prebaked cylindrical gy, 
about 4 in. in diameter. With increase in cell capacity. ‘ 
size of anode increased and the shape was eventually chan, 
to anodes with square or rectangular cross section. The 1 
anodes were supported by iron or copper rods either wedg 
or threaded in the upper end of the carbon anode. The |, 
modern rectangular anodes have a steel stub fastened jy 4 
head of the anode by cast iron; they are supported by a copy 
bar which is bolted to the stub and clamped to the anode |, 
Some 25 years ago, the Soderberg continuous, self-hakiy 
anode was tried out by the aluminum industry and {oy 
to have certain advantages. Through years of use the Sode 
berg anode has been improved, particularly with respect 
the current leads and the method of support. At the prese 
time both prebaked and Soderberg anodes are used in ) 
ducing aluminum. Since approximately two-thirds of a poun 
of carbon is consumed per pound of aluminum produced, ¢ 
electrode-carbon requirements of the industry are ty 
mendous. 

In 1902, the production from a single cell was about 17 
lb per day with a power consumption of over 12 d-c kwhr | 
The modern units produce about 750 lb per day with a cv 
sumption of about 8.5 d-e kwhr/lb. Of course, electric pow 
is required for other plant operations and values of 9 ov 
kwhr/lb are sometimes employed for calculating the over 
power requirements of the aluminum works. 

In a little over fifty years, aluminum has risen in useful 
ness and volume to challenge for leadership among nonferrou 
metals. In the last eleven years two new concerns, the Re 
nolds Metals Company and Kaiser Aluminum and Chemis 
Corporation, have become competitors of Alcoa as produc: 
of aluminum in the United States. This is now the out 
standing electrochemical industry in point of power co 
sumption, and the United States and Canada are producin 
the major part of the world’s alum num requirements. 7! 
production in 1951 was approximately 1,283,000 tons, au 
by 1954 an annual production of over 2,000,000 tons is anti 
pated. The available reserves of ore give promise that alu 
minum ean still look forward to a long period of growth. 


Recent Developments in Alumina Electrolysis as Found in French 
and Italian Publications 


F. V. Andreae’ 


During the years 1948-1950, under the chairmanship of 
Louis Ferrand, the third section of the Société francaise des 
Electriciens (electrochemistry, electrometallurgy, and electro- 
thermics) devoted a number of meetings to the study of elec- 
trolytic solutions in molten eryolite in order to shed some 
light on the theoretical aspects of this electrolysis which is 
of such industrial importance. Appended to this summary is 
a list of the papers under consideration, (1-4), including the 
remarkable studies made by A. Vajna in the research labora- 
tories of Mori during the last few years. 

The following commentary deals particularly with the 


' Electrical Engineer, 351 Derby Circle, Chattanooga, Ten- 
nessee. 


most recent articles which appeared in the January ani 
February 1952 numbers of the Bulletin of the Société fro 
caise des Electriciens.* 


Work of Dr. Darmois and Students 


In works of varying importance E. Darmois of the Pars 
Faculty of Sciences, followed by some of his most recetl! 
students, Messrs. Doucet, Chalin, Rolin, Petit, Mergault 
Zarzicki, and Miss Sutra has demonstrated the genera! app! 
cability of Raoult’s law, both to solutions of molten salts, 


? This publication is available through the Society, !4 Ave 
nue Pierre-Larrousse, Malakoff, Seine, France. 400 Frene! 
francs. 


99, 


» and 


ded 


peratur 
These ex 


\ 


perty 


whiel 
tice, 
esible t 
amentat! 


sion 


(nder t! 


pply his 
dilt 


ts the | 
eting pe 
ite in | 
in the 
This cry 
nting 
ing th 
e any 
» the ol 
plete 
» Det 
jtions 
zed. 
ne of 
very 
Jumin 
| appl 
e Dece 
ectricis 
ent co 
The 
merc, 
ca 
of 
The 1 


jatior 


| the 
the two 


the fir: 

Und 
na 
Na 
men 
The 
sho 
iter 
ratio! 
‘ A), 


8. TI 


anog 


ty, 


hang 
e 14 
vedg 
lar 


In ty 


COP) 
le 
bakin 
four 
Sode 
np 
poun 
t 
ty 


it 
hr 


199, \0. 11 


» and low temperature, and to aqueous solutions (5) 
' ded that the saline medium possesses the fundamental 
serty of a pure solvent: that of melting at a constant 
nerature. 
These experiments proved that Raoult’s law is a limiting 
hich applies rigorously to the ideal solutions, which, in 
tice, are the very dilute solutions. This law is, therefore, 
exible to direct observation only when the results of ex- 
«mentation are recorded with great exactness and absolute 
wision, permitting accurate extrapolation. 
ryder these conditions (Raoult himself showed how to 
ly his formula) the molecular temperature drop for in- 
ely dilute solutions can be written (At) /m = nK; At repre- 
ts the measured drop in temperature in degree C of the 
Jting point caused by the introduction of m moles of the 
te in 1000 grams of solvent, K the cryoscopic constant, 
'n the number of dissociated ions. 
this cryometric method is, therefore, simply a means of 
ting the dissociated ions and consequently of deter- 
ing the composition of complex ions which do not disso- 
te any further. The ions common to those of the solvent 
the only ones that are not counted. This method is in 
plete accord with recent conceptions, more particularly 
» Debye’s theory, in accordance with which the salt 
tions must be considered as totally, or almost totally, 
wed. 
ine of Professor Darmois’ students, Maurice Rolin (6-8), 
- very clearly developed the mechanism for the dissociation 
Jumina dissolved in a bath of molten cryolite. The validity 
| applicability of Rolin’s observations were discussed at 
e December 21, 1950 meeting of the French Society of 
«tricians. There follows a summary of some of the per- 
ent conclusions arrived at by Rolin. 
The melting point of molten cryolite was found to be 
°C, or 1279°K. Since the molecular heat of fusions is 
4 cal/g mole, Van’t Hoff’s formula permits the calcula- 
1 of its eryoscopic constant (40.8), which is verified by 
eeryoseopy of chlorides and fluorides. 
The molecular state of molten cryolite is given by the 
jation : 


AIF.Na; — AIF; + 3F- + 3Nat 


| that of dissolved alumina in the electrolytic baths by 
He two equations: 


— AlO; + Al*** + (3 ions) (1) 


ALO, — + AlO* (2 ions) (ID 


‘ first equation applying to very dilute solutions (below 
“,), the second to industrial concentrations. 
(nder normal operation, during electrolysis, only the alu- 
nt ions are discharged, while the eryolite, a!though ionized, 
es not participate in the electrolysis, and the appearance 
Na*-ions constitutes only a secondary and parasitic phe- 
menon. 


The mechanism of electrolysis is illustrated in the diagram 
cow, in which three compartments are shown. On the left 
‘shown the ionization of nonelectrolyzed eryolite, in the 
iter the discharge of the alumina ions at very low concen- 
‘ation. and at the right the dissociation of alumina at in- 
stria! concentration, by means of complex ions such as 
Ws at the anode and AlO* at the cathode. 


FIFTY YEARS OF INDUSTRIAL ELECTROLYSIS 3010 


| + ANODE + | 
Og+4e V20o+ 2e 


3No* aitt* O= 

Al 3e Al 3e Al 3e Al 3e 


| CATHODE —| 


In this last case one can assume that the electrolytic mech- 
anism progresses as follows: 

1. At the anode, an O™ ion is discharged and the complex 
ion AlO.~ is discharged to form O, and an Al*** ion. 

2. At the cathode, the AlO* ion forms Al*** ion and O= 
ion, the former being discharged at the cathode while the 
latter must migrate to the anode. 

Thus is explained the apparent anomaly of finding a cation 
Al*** at the anode and O-~ at the cathode and the com- 
plicated circuit which these ions have to travel to arrive at 
the end of the electrolytic process. 

Actually there exists a general state of dissociation in ac- 
cordance with the left and right thirds of the diagram (per- 
haps even with all three sections, at low concentrations), and 
it is simply the value of the applied potentials or the ionic 
concentration which determines which ions are discharged. 


Contributions of A. Vajna 


Special consideration must here be given to the work of 
A. Vajna (9-16), not only for the wealth and novelty of the 
physicochemical data presented to the electrochemists, but 
also for the originality of the experimental method employed, 
which included direct observation of the phenomenon under 
study. Special attention is called to the photographie repro- 
ductions made with the help of a microelectrolyzer (13, 15, 
16). 

Such a brief article must limit itself to a few remarks 
concerning two reports made by the author to the Société 
francaise des Electriciens, at its meetings of May 31 and 
June 4, 1951 (15, 16). 

In the first paper the data on the critical current density 
confirm, with certain slight modifications, the results ob- 
tained by the Russian scientists Schiskin, Karpatchef, and 
Dolgof. The existence of this critical current density can be 
used to calculate directly the concentration of alumina dis- 
solved in industrial baths. Mr. Ferrand has made an inter- 
esting application of this method in a new apparatus which 
predicts the anodic effect (17) and is especially useful with 
the continuous feeding of alumina which he proposes and of 
which more will be said below (18). 

In his study of the capillary effects at the anode under 
normal and upset operation, Dr. Vajna concludes that the 
amorphous carbon is wetted in a molten eryolite bath of any 
composition only in the presence of oxygen. Since the wetting 
of the anodic surface is necessary to the passage of the cur- 
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rent, it follows that the oxygen must appear first at the anode, 
and that, under normal operation, CO and CO, are second 
ary products. Otherwise the bath would not wet the anode. 

These observations confirm Rolin’s conclusions regarding 
the primary dissociation of dissolved alumina. 

The second paper does not reach such precise conclusions 
as the preceding one, and according to the author must be 
considered as the prelude to other studies regarding the 
kinetics of the secondary reactions which affect the current 
efficiency. 

Some very unusual photographs taken on a microelectro- 
lyzer clearly show the existence of a metallic fog between the 
two poles. Using the lead rinsing method suggested by 
Pearson and Waddington (19) it is found that the metallic 
fog is mostly sodium and is denser in neutral and alkaline 
baths than in acid baths. This explains why the current 
efficiency is higher in acid baths than in neutral or basic 
baths, other conditions being equal. This opinion regarding 
the nature of the metallic fog and the role it plays in the 
midst of the anodic gaseous phase is confirmed by Frejacques 
(4). 

The second part of the paper is devoted to a tentative cal- 
culation of the diameter of the gas bubbles under the anode, 
under simplified assumptions. The author figures that the 
diameter is about 0.7 cm and is independent of the type of 
the bath and of the time of contact and the geometric shape 
of the anode. 


Findings of L. Ferrand 


Louis Ferrand, whose innovations in the field are widely 
recognized, spoke at the April 26, 1951 meeting of the 
Société frangaise des Electriciens on the continuous dissolving 
of alumina (18), which in accordance with one of his pat- 
ented processes (20) would practically eliminate the anode 
effect and replace manual or semimechanical methods of 
distributing alumina by entirely automatic methods. 

At the June 19, 1952 meeting of the Société, Ferrand (21) 
presented his ideas regarding the properties of dilute elec- 
trolytes, with interesting remarks concerning the dissociation 
of alumina in baths of industrial concentrations, based on 
the latest publications (22). 

All authors agree in recognizing the bad effects of the anode 
effect (23). To eliminate it completely, or at least to space it 
to the same rhythm as the tapping, would represent con- 
siderable progress and would result in a greater stability of 
operation, especially in the control of the temperature and a 
saving of the fluorine-bearing materials. 

The discontinuous feeding of alumina makes use of the 
central free space in the case of prebaked electrodes (24), or 
of the peripheral space in the case of Soderberg self-baking 
electrodes. 

The semicontinuous feeding, which is an alternative to the 
preceding method, does not require such large volumes of 
bath in order to get the same spacing of the successive anode 
effects, since it employs preventive feeding at regular inter- 
vals without waiting for the anode effect, and submits to the 
anode effects only at distant intervals. This method is in 
general use in the United States, Canada, and Russia. 

At Kaiser’s Tacoma Plant the cells are fed regularly every 
six hours. The anode effect is allowed to take place only when 
the cell becomes muddy. By this method an average of 0.6/ 
0.7 disturbance per day is reached, or a disturbance every 
36 hours. The same procedure is used at the Spokane plant 
where the disturbances are about 24 hours apart, considered 
too frequent. At the Reynolds Listerhill Plant the disturb- 
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ances also occur about every 24 hours with fee lings ey, 
six hours, one time on one side, the next on the o ‘her gid 
Based on the conclusions reached by Dr. Vajn: in styq 
ing the viscosity and conductivity of the bat! (19, 1) 
Ferrand shows very clearly the disadvantage of this meth 
of feeding, which is liable to result in alumina deposits 
the conductive bottom when alumina is fed through 4 
central opening. In any case this method results in 4 ox: 
stantly changing alumina concentration which goes froy 
maximum of 7-8 per cent to a minimum of 1-2 per ¢q 
passing suddenly from the minimum to the maximum at ¢i 
time of feeding. This continuous variation of the concent, 


tion brings about a sudden drop in conductivity of the ba 


and of its temperature, followed by a slow rise in temper 
ture and an increase in conductivity between two feeding 
which naturally makes any control very difficult. It js ; 
eliminate such disturbances and make automatic regulatic 
of voltage and temperature easier that the author has ¢ 
veloped the continuous oscillation of the anode, which pe 
mits a continuous feeding of the alumna. His work is base 
in part on the free fall speed of the alumina grains, as deter 
mined by Dr. Vajna (10). The linear motion of the anode , 
the surface of the bath is of the order of 3 mm/min (0.12 in 
min) and the power to move the anodic equipment at th 
slow speed is about 1/2000 of the total power input; it j 


therefore negligible. On the other hand, manpower can }y 


entirely eliminated if the alumina is fed by compressed 4 


through a system of pipes which reach above the spaces be 
tween the anodes. During the test, the speed of the particle 
in the bath was about 0.11 gram/cm*/min, compared wit! 


2.5-3 gram /cm?/min in the case of discontinuous feeding | 
means of a poker. The motion of the particles, therefore, 
always much slower than the speed of free fall and there 


no chance for the particles to reach the bottom before the) 
are dissolved. Since the arrival of the alumina is also continu 


ous, there are no dust losses. 
Besides its important savings in manpower and energ) 


this method has the advantage of permitting, for a give! 


interpolar distance, operation at a higher current densit 
and, therefore, higher power input. This is because the co 


trol of the voltage at the terminal of the cell can be performed 
in a bath of low alumina content, constant temperature, an! 


therefore of higher conductivity (about 12%). 
With these baths approaching the conditions under whi 


the anodic effect takes place, it is necessary to have a sy 
tem which will predict the anodic effect. Such a system \s 
described on page 100 of reference (18). This system permit 
the control of the speed or amplitude of the anodic oscilla; 
tion, or both, so as to keep the alumina content constant. It 
is only necessary to adjust the current density in the pilot 
anode in such a manner that a signal be given when th 
alumina concentration has dropped, for example, to 0.2 
cent above the concentration at which the anodic effect will 
take place. The idea is to maintain at all times conditions 0! 
optimum operation which unfortunately are close to tho 


at which the anodic effect takes place—a stop signal is ther 
fore absolutely necessary. 


Work of J. Bouchard 


During the same April 26 meeting, J. Bouchard, after ti 
presenting his personal views concerning the develop:nent 0 
self-baking electrodes, discussed a few more special problems 


concerning the generation and evacuation of anodic ga-es (2° 


Based on the studies of Dr. Vajna regarding the surface 
tension and the viscosity of the baths (9, 10), he trie te de 


99, 


the 


ine t 
qnod 


pir 
» curre 
Be uch: 


yrents: 
|, Cel 
uld nu 
or 
erage 
00 


rent, 18 | 


the app! 


the 
itomat 


appl 


through 
the 


rease 


tion of 


und, th 
in 
iked 
to 
2. 
Ferran 
ntrol 


| 
if 
4 tance | 
gas lib 
ren! 
the Bo 
reced 
: mpa 
erat 
| il sk 
ll 
ene 
he rei 


er 19) 


eye 
side 
1 Stud 
10, 
meth 
Sits 

igh 
a Coy 
from 
ar 
1 at th 
centr: 
ne bat 


mperg 


‘eding 
t Is t 
ulation 
has 
ch pe 
bases 
deter 
10de 4 
12 in 

at th 
t; it 
ran by 
sec 4 
ces he 
article 
d with 
ing | 

fore, 

here 

e th 
mntinu 


nerg| 
give , 
ensit 
CO! 
ormed 
e, all 


whi 

a SVs 
em 
armit 
scilla4 
nt, It 
pil 
n the 
2 pen 
t will 
ms off 
those 
here 


rl. 99, Vo. 11 


nine the speed and the time of sojourn of the gases under 
, anode, and-from there to suggest certain methods by 
ch the path of the gases under the anode can be shortened, 
i evacuation facilitated, the time of contact lessened, and 
current density increased. 

Houchard presents two possible solutions leading to im- 
wements in the design of self-baking electrodes for high 


rents : 
1. (Cells with several anodes, which for 50,000 amperes 
vid number four, each measuring 200 x 75 em (80 in. x 30 
or a total of 60,000 cm? (9600 in.?). In such a design, the 
erage path under the anode compared with one anode of 
000 em*, which, moreover, cannot carry any larger cur- 
yt, is reduced from 37 to 16 em. This design also permits 
He application of the Ferrand process of oscillating anodes 
i the use of continuous feeding of alumina, besides the 
tomatic regulation with separate control of each anode. 
1 apply this oscillating movement without too much power 
sumption would require passing the axis of oscillation 
ough the center of gravity of the anode. This reduction of 
the anodic path, and the larger perimeter of the anodes should 
rease the liberation of the gases and increase the propor- 
ion of CO in the gases, retarding Boudouard’s equilibrium 
wd, therefore, reducing the carbon consumption. This is 
ry important with self-baking electrodes, whose carbon 
iced at low temperature is more reactive, and has a tendency 
» inerease the carbon consumption. 

2. Cells with annular electrodes, as recently suggested by 
Ferrand, where several annular anodes (two or three), ar- 
nged concentrically around a central axis and individually 
atrolled, permit both the increase of the interpolar dis- 
tunce from the periphery to the center, in the direction of 
ns liberation, and the control of the distribution of the total 
rent among the various anodic rings. With such a design 
the Boudouard equilibrium is still more retarded than in the 
receding case, not only because of the smaller mean path, 
mpared to a round electrode of the same cross section, but 
inly because of the higher speed at which the gases are 
erated, and the shorter time of contact caused by the con- 
il shape of the anodic surface and the forced withdrawal 
ithe gases through the central chimney. 
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A Review of Magnesium Production and Uses 


W. S. Loose! 


The magnesium industry in the United States had its be- 
ginning only 36 years ago. Many persons, members of The 
Electrochemical Society, still active in the industry today, 
were present when the U. 8. magnesium industry was born. 

Stimulated by the demand for the metal during World 
War I, five companies were engaged in magnesium produc- 
tion in 1915. After the armistice, the struggle for survival of 
the industry began and, in 1920, only two producers were 
left. In 1927 one of these companies ceased operations and 
The Dow Chemical Company has remained the sole pro- 
ducer, except for the period between 1942 and 1945 and the 
present Korean crisis. 

While present interest in magnesium is largely concerned 
with national defense, a wide number of commercial appli- 
‘ations have been developed. Many of the present military 
applications have counterparts in commercial fields, and 
experience and knowledge gained from these military appli- 
‘ations can readily be applied to civilian use. 
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Fic. 1. Consumption of primary metals 


Consumption of the metal in the past year reached a total 
of about 100 million Ib, and, projected on an average growth 
rate curve, it is possible that 300 million Ib will be consumed 
in 1960. 

In 1940, all domestic production was from the electrolysis 
of magnesium chloride extracted from subterranean brines 
at Midland, Michigan. In early 1941, The Dow Chemical 
Company started operations at Freeport, Texas, converting 
sea water to magnesium. In essence, the sea water is limed to 
precipitate magnesium hydroxide which is converted to mag- 
nesium chloride and then electrolyzed to produce molten 
magnesium, 

Magnesium exists in practically infinite amounts in the 
oceans of the world, providing a virtually unlimited source of 
supply. It has been estimated that if magnesium were taken 


‘Magnesium Department, The Dow Chemical Company, 
Midland, Michigan. 


from the seas at the rate of 100 miilion tons per year for o, 
million years, the magnesium content would be reduced fr, 


0.13 to 0.12 per cent 
the meantime. 


Continuous research and development have led to ye 


if no more had washed into the sea 


and improved processes, designs, and alloys. 


Fig. 2. Close-up of the electrolytic cell for the productio 
of magnesium. 


Fic. 3. B-36 Consolidated Vultee’s giant bomber represen's 
the largest single use of magnesium. Crosshatched portio 


shows the external use of magnesium on the aircraft. 


In the field of alloys, probably the most significant deve! 
opments have taken place in the use of rare earth elements 
to provide magnesium alloys with improved properties “! 
elevated temperatures. These alloys are commercially ava! 
able and are finding wide application in jet engines for new! 


aircraft. 


An extrusion alloy of magnesium containing zirconil! 
was used in special aircraft extrusions during World War !! 
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»( has sinee become a commerical extrusion alloy. This 
Joy provides a combination of the highest yield strength 
toughness. 

f \agnesium can be given a variety of decorative and pro- 
B ...tive finishes by such common methods as chemical treat- 
nts, anodizing, painting, and electroplating. The develop- 
yent of such finishing schedules has greatly accelerated the 

.e of magnesium parts in many applications. 

The electroplating process for magnesium, perfected in the 
st few years, is perhaps the most significant finishing de- 
opment. The process consists of the deposition of an initial 
ine coating by immersion, followed by a copper flash, and 
sectroplating in the standard plating baths. 

Anodic treatments for magnesium provide hardness and 
sbrasion resistance. They can be painted and some of the 
treatments can be dyed. 

Chemical treatments are applied to magnesium for pro- 
yetive or decorative purposes. Basically, all chemical treat- 
nents provide some protection against corrosion during ship- 
nent, storage, and use. 

At the present time, major applications of magnesium lie 
in the military field. 

The largest single field of application for magnesium today 
s in aircraft. Consolidated Vultee’s giant B-36 bomber uses 


Sodium was produced in small amounts by thermal methods 
fom the time of Deville about 1860. A new process was de- 
veloped by Hamilton Y. Castner and a plant built in Old- 
bury, England, just prior to the discovery of the electrolytic 
process for the production of aluminum by Hall. 

Since the sodium was to have been used for the production 
faluminum by reduction of aluminum chloride, this process 
ould not compete with the electrolytic aluminum process, 
und Castner was forced to develop other uses for his sodium. 
He quickly worked out a process for converting sodium into 
wdium peroxide and, encouraged by the success of the elec- 
trolytic aluminum process, began experimenting with an elec- 
trolytie sodium process. The Castner electrolytic process, 
patented about 1890, marked the birth of the electrolytic 
sdium industry and the next 50 years represent its growth 
and development both as to processes and uses for sodium. 


The Castner Process 


In this process, sodium was produced by the electrolysis 
of fused caustic soda. The cell consisted of an iron vessel 
mounted in a brick-work furnace so that it could be exter- 
nally heated. The cathode was located in the center and was 
wurrounded by a nickel anode which was suspended from 
above. The early cells operated on 1200 amperes at 5 volts. 
later developments carried on by the Niagara Electrochem- 
cal Company at Niagara Falls, New York, resulted in a 7000- 
ampere cell operating at about 4.3 volts. This larger cell did 
hot require external heating. The anode was an iron ring cast 
integrally with the concentric iron shell of the pot. The 
‘athode was an iron cylinder located within the anode, and 
vas mounted vertically on a heavy copper pole which entered 
the cell from below through a neck in the cell bottom. It was 
insulited from the cell body by a layer of frozen bath. The 


‘Cayuga Drive, Niagara Falls, New York. 
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some 9000 lb of the metal in the airframe alone, and an 
additional 6670 lb in engines, wheels, gun turrets, and mis- 
cellaneous parts. 

Another large aircraft application is the Sikorsky 8-55 
helicopter. With the exception of a few small areas, the 
entire fuselage of this 10-12 passenger aircraft is magnesium 
sheet. In addition, 90 castings of magnesium are used on the 
aircraft. 

Perhaps the newest field of large application of magnesium 
is automotive. The automotive industry, using quantities of 
magnesium die castings, represents a large present market 
and one with tremendous potential. 

A huge field is being developed in the cathodic protection 
of pipelines, water heaters, boiler type equipment, and ships. 
This field, depending on the high solution potential of mag- 
nesium, is just beginning to be explored. A related use of 
magnesium is as the anode in dry cell batteries. It shows an 
increased capacity over conventionally used materials. 

The unique combination of strength, lightness, and sta- 
bility has made magnesium one of the common structural 
metals. The chemical and metallurgical uses provide other 
fields of application. The virtually unlimited source of supply 
proves a more significant factor as reserves of easily available 
and reducible ores of other metals are depleted. 


Production of Metallic Sodium 


Harvey N. Gilbert! 


anode connection was made with the shell, and both anode 
and cathode connections were made in a pit beneath the 
working level of the cell. 

An iron gauze diaphragm was suspended from a casting 
which rested on the top of the cell and was insulated from 
the shell. This casting contained a cylindrical pot just above 
the diaphragm, which served as a collecting reservoir for the 
sodium. The collecting pot was covered by an iron cover 
which could be removed to bail out the sodium. The cover 
contained a small hole through which hydrogen escaped and 
burned. In the latest form of the cell, a solid cover was used 
and hydrogen was collected and removed through a pipe 
entering the chamber beneath the cover. 

The success of the larger cell was dependent on the use of 
heavy nickel plating which was applied to the surfaces of the 
anode and cathode, and collector parts. The deposition of 
thick layers of nickel which would stand such severe con- 
ditions was itself an achievement in those days. 

The initial electrolyte consisted of a mixture of caustic 
soda and sodium chloride, the salt being added to improve 
the conductivity. As the cell aged, the NaCl and Na.CO, 
content of the bath increased until it was necessary to shut 
down the cell and start with fresh bath. Caustic soda from 
the Castner mercury cells was used for feed. Such caustic 
was low in NaCl. The discarded bath was dissolved in water 
and the caustic values recovered and sold. This procedure 
prevented the buildup of metallic impurities in the bath. 

The operating temperature was held at slightly above the 
melting point of the bath, about 310°-320°C. The reactions 
of the cell may be given as: 


4 NaOH —— 4Nat* + 40OH- 
4OH- 2H,0 + O, 
2Na + 2H,O 2 NaOH + He. 
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through the iron shell, 180° apart. 
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From this it is seen that half the sodium which is initially 
produced is lost by reaction with the water formed at the 
anode. 

Hydrogen and sodium are produced at the cathode and 
oxygen at the anode. 

Various attempts were made to increase the yield by di- 
verting the water to other compartments before it could 
react with the sodium and also by variations of the cell bath, 
but no commercial cell employed these modifications. In 
practice, therefore, the Castner cell had a current efficiency 
of 40 to 50 per cent in sodium production, and this low effi- 
ciency, in addition to the higher cost of the raw material 
NaOH as compared with NaCl, caused workers to search for 
a process which would electrolyze NaCl directly. Such a 
process would produce chlorine as a by-product. 

The Castner process has not been used in this country 
since 1925, but is still used abroad. 


Operating Difficulties 


The problem of the electrolysis of NaCl was studied as 
early as 1890. The difficulties in operating such a bath were 
tremendous. The melting point of salt is about 805°C, at 
which temperature the vapor pressure of sodium is nearly 
half an atmosphere, the solubility of sodium in the bath be- 
comes appreciable and there is a tendency to form metal 
fog. All these factors, together with the excessive corrosion at 
higher temperatures, made the task a formidable one. 

The problem is further evidenced by the issuance of nearly 
100 patents in this country and the commercial success of 
but one of these. The Acker process used a bath of fused NaC] 
with a molten lead cathode to produce chlorine and a sodium- 
lead alloy. The alloy was subsequently hydrolyzed by steam 
in a separate compartment to form fused anhydrous caustic. 
The process was operated at Niagara Falls from about 1900 
until 1907 when the plant burned down and it was discon- 
tinued. 

While considerable work was done by others to remove 
sodium from sodium-lead alloy, no commercial process re- 
sulted and aftention was directed toward the use of baths 
consisting of NaCl and other salts which would lower the 
melting point. 

Seward and Von Kugelgen worked with a mixed bath in a 
cell at the Virginia Electrolytic Company from 1904 to 1914 
when work was discontinued. 

It is interesting to note that two of the men associated 
with the Acker process went on to develop the fused salt 
process. R. J. McNitt developed a cell which was operated 
for a short time during the first world war by the Roessler 
& Hasslacher Chemical Company at St. Albans, West Vir- 
ginia. It was discontinued because of a number of operating 
difficulties. The problem was ultimately solved by another 
former Acker process man, J. C. Downs who, with his asso- 
ciates at the Roessler & Hasslacher Chemical Company at 
Niagara Falls, developed the present cell. The Downs cell is 
now used, with various modifications, by three companies in 
the United States and in several European countries. 

This cell represents engineering of a high order and, with 
modern materials of construction, has produced a commer- 
cial process for the production of sodium and pure dry chlo- 
rine from salt. 

The Downs cell consists of a cylindrical iron shell with a 
firebrick lining. A graphite anode enters through the center 
of the cell bottom. The cathode is a cast steel ring which sur- 
rounds the anode and is supported by two lugs which emerge 
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Insulation of the anode and cathode from the s ell js 4, 
complished by a layer of frozen bath. A metal conics! dome 
suspended above the anode and the bottom edge of the don, 
supports an iron gauze diaphragm which is space: equal 
between the anode and cathode and extends to the | 
level of the cathode. The interior of the dome above the 
level is lined with a firebrick composition. 

The casting which forms the dome is extended beyond the 
diaphragm support to form an annular inverted trough whi« 
inclines toward a vertical riser pipe at the high point of the 
trough. In operation, chlorine is formed at the anode ay 
rises between the anode and the diaphragm to the centr, 
dome from which it passes to the mains. Sodium is formed 9 
the cathode, rises to the collecting trough which is locate 
directly above it, and passes out into a collecting vessel wher 
it cools, is removed at intervals, and taken to a separate loc 
tion for purification. 

The purified sodium is then cast into bricks or run direct) 
to processes for conversion into sodium peroxide and sodiu: 
cyanide. The liquid sodium is also run into special sodiyy 
tank cars (over 80,000 lb capacity) where it is solidified } 
cooling and shipped to consumers. 

Salt which has been treated to remove impurities, such gs 
sulfur and oxygen-containing salts, is fed to the cells. Thy 
cell bath contains calcium chloride which lowers the melting 
point. The chlorine is dry and can be maintained at high pu 
rity because of the relatively compact and closed centry 
collecting system. 


we 
bat! 


The raw sodium contains some calcium metal, most oi 
which is removed by the purification system which produces 
a product containing less than 0.04 per cent caleium meta 
as the principal impurity. 

From time to time the diaphragms become worn or cor 
roded and are replaced by lifting out the dome casting. Th 
cell life is well over a year before wear of the anode increases 
the spacing between it and the cathode, and consequent); 
increases operating voltage. When this occurs, the cell is shut 
down and rebuilt. 

Operating data on similar cells in Germany are given by 
W. C. Gardiner in Technical Industrial Intelligence Branch, 
U.S. Department of Commerce, FIAT Final Report 820 
(P.B. 44671) June 20, 1946. This mentions cells of 24,000 
to 32,000-ampere capacity which use as electrolyte a mixtur 
of 58-59 per cent CaCl, and 41-42 per cent NaCl. The oper 
ating temperature is stated to be 590°-595°C. 


Uses of Sodium 


Historically, the first commercial use of sodium was fo 
the manufacture of sodium peroxide; this precess has bee: 
improved and still represents an important outlet for sodium 
Other uses: sodium cyanide was developed from sodium in 
the early 1890’s; sodium is used for the manufacture of in 
digo and as a reducing agent in organic preparations; large 
amounts of sodium are used in the preparation of tetraeth 
lead and for the reduction of fatty esters; sodium is reacted 
with hydrogen in a fused caustic bath to form sodium hydride 
which is used to descale stainless steel and other alloys. 

Further uses will be developed as the specific properties 0! 
sodium are appreciated. Much progress has been made in its 
safe handling. Molten sodium can be handled as any othe! 
liquid if kept out of contact with air. It can be pumped and 
filtered. While most of its applications have been as a chem 
ical reagent, under proper conditions its ability to conduct 
heat and electricity are beginning to be utilized. Truly, 8° 
dium has become a mature individual in the past 50 years. 
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When The Electrochemical Society was founded in 1902, 
ip electrolytic chlor-alkali industry in this country was but 
qnall youngster, ten years of age. That year there was in 
eration a total of five chlor-alkali plants, with a combined 

itput of less than forty tons of chlorine per day. In 1952, 
ese five plants, or their direct successors, are still producing 
orine and caustic. One of them, the Dow Chemical Company 

Midland, Michigan, is now the largest producer of chlorine 

the United States. Another, the Brown Chemical Company 
‘ Berlin, New Hampshire, is the successor of the original 
stallation in this country. 

The original plant of bell jar cells was installed in 1892 at 
the Eleetro Chemical Company in Rumford Falls, Maine. 
These first cells were soon replaced with a horizontal dia- 
bragm cell developed by Ernest LeSueur and Charles N. 
Waite. In 1898 this chlorine plant was moved to what is now 
the Brown Company plant in Berlin, New Hampshire, where 
slarged and improved LeSueur cells are still in operation, 
Jthough some of them have been replaced with and the plant 
irther expanded with the Hooker type 8 cell. 

In 1895, another of that original group, the Mathieson 
hemieal Corporation installed the first Castner cells at 
‘uitville, Virginia. In 1897, this installation was moved to 
Niagara Falls, New York, where the company still operates 
, modified and improved version of the original cell which 
sas a rocking-type mercury cell. Recent installations by 
Mathieson at their Saltville, Virginia, and their McIntosh, 
\labama, plants use a horizontal mercury cell of their own 
evelopment. 

The other two of that original five still in operation after 
nore than fifty years are the 8. D. Warren Company at 
Cumberland Falls, Maine, and the Niagara Alkali Company, 
shich started as the Roberts Chemical Company in Niagara 
Falls, New York. 

During this fifty-year period the chlor-alkali industry has 
expanded from these original five to 63 plants, operated by 
S companies. Fifty years ago the daily production was less 
than 40 tons per day; today the output is over 6000 tons per 
lay, with new plants in the process of construction and fur- 
ther expansions scheduled. 

The producing unit of the chlor-alkali plant is, of course, 
the electrolytic cell in which sodium chloride is electrolyti- 
ally decomposed to produce chlorine, sodium hydroxide, and 
iydrogen. It is essential that the chlorine and sodium hy- 
lroxide are kept separated after they have been produced. 
This has been accomplished by two basic methods. One is 
y means of a diaphragm, placed between the anode and 
athode, through which the brine flows carrying the sodium 
ons from the anode compartment where the chlorine is pro- 
lueed, into the cathode compartment where hydrogen is 
released, leaving sodium hydroxide in solution. The mixed 
“dium hydroxide-brine solution flows from the cathode com- 
partment. Subsequent evaporation concentrates the sodium 
iydroxide and separates the salt. 

The second method of keeping the chlorine and the sodium 
iydroxide separated is by the use of mercury. In the mercury 
ell the chlorine is released at the graphite anode. Sodium is 
plated in the mercury cell to form an amalgam. By mechan- 
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ical means the amalgam is passed into a decomposer where it 
is contacted with water in the presence of short-circuited 
graphite electrodes in the two liquid phases. Thus the sodium 
reacts with water, producing sodium hydroxide and releasing 
hydrogen. Sodium hydroxide up to 73 per cent concentration 
can be produced in suitable decomposers. 

Diaphragm cells have had a variety of shapes, sizes, and 
materials of construction, but the diaphragms have always 
been based on asbestos fiber used as paper, cloth, or fiber. 
The first diaphragm cell used in this country, known as the 
LeSueur cell, used a horizontal paper diaphragm over the 
horizontal cathode screen. The cell is a square or rectangular 
box withthe cathode laid out in a very shallow V in the bottom. 
Glass rods placed on the diaphragm serve to support the anode 
graphite blades and maintain the proper spacing as the graph- 
ite wears away. The top of the box is closed with slabs of 
concrete or other suitable materials. Where intermediate 
supports are required bricks are stacked on the diaphragm. 

Another early diaphragm cell which was used with success 
in its original and subsequent forms was proposed by C. P. 
Townsend. With the assistance of Elmer A. Sperry, Town- 
send’s ideas were successfully developed to the point of try- 
ing a plant scale cell. In 1905, with financing by the Elon 
H. Hooker’s Development and Funding Company, later the 
Hooker Electrochemical Company, Townsend’s laboratory 
cell was developed for commercial use. 

The cell was of the vertical type with a long, high central 
row of graphite anodes. Opposing the anodes on either side 
of the cell was a paper diaphragm backed up with a wire screen 
cathode. The cell was operated with the compartment be- 
hind the screen flooded with kerosene to regulate the brine 
flow through the diaphragm and to separate the caustic 
liquor from the cathode, preventing back migration. The 
flooded cathode compartment is still used in the-Hooker cells, 
although the use of kerosene was discontinued even before 
the Townsend cells became obsolete. 

The original paper diaphragm of Townsend’s was soon 
replaced with an impregnanted asbestos cloth diaphragm de- 
veloped by Leo Baekeland. The impregnant consisted of a 
mixture of iron oxide, asbestos fiber, and colloidal iron oxide. 
When the flow through the diaphragms became too low they 
were scrubbed clean and reimpregnated. In 1925 Kenneth E. 
Stuart began work on the development of an asbestos-fiber 
diaphragm deposited directly on the cathode screen by vac- 
uum. Subsequent success permitted cathode shapes that 
were not readily adaptable for paper or cloth-covered dia- 
phragms. 

To use the deposited diaphragm Stuart designed a cathode 
consisting of a series of vertical envelopes, called fingers, 
made of a heavy wire close mesh screen. The fingers were 
equally spaced along a base plate and perpendicular to it. 
Assembled in the cell the fingers are in vertical parallel planes. 
At the root of the fingers is a collector space to accumulate 
and remove the caustic cell liquor and hydrogen from the 
fingers and their cathodic surface. This cathode was initially 
used in a modified Townsend cell known as the Marsh or 
type E cell. li was long and narrow with the root of the 
fingers and backing plate forming the side of the cell. The bot- 

tom of the cell was arranged to hold a series of graphite plates 
placed vertically to mesh between the cathode fingers. Thus, 
instead of two relatively large plane surfaces opposing each 
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other as the cell electrodes, the cell was in effect a number of 
separate units operating in parallel within a single container. 

Having produced a deposited diaphragm and modified a cell 
to utilize it where it was commercially proven, Stuart pro- 
ceeded to design a cell around the diaphragm. To conserve 
heat, the cathode fingers were designed to extend perpen- 
dicular from two sides of an approximately square channel 
frame. The graphite blades are set in molten lead to form 15 
vertical rows of blades down each side of the cell. That as- 
sembly, set into a shallow pan-shaped concrete casting, 
served as the anode assembly and cell bottom. Contact is 
made through a copper bar, set in the lead and extending 
through one side of the concrete bottom. The top is a hollow 
concrete casting in the shape of a truncated pyramid. 

The type 8 cell originally designed for 6000 amp was first 
installed for commercial use at Hooker’s Niagara plant about 
1935. It soon proved itself to be better than expected and was 
used for plant expansions by Hooker and licensed for use at 
competitors’ plants. During World War II, it was ac- 
cepted extensively by the federal government agencies for the 
Arsenal chlorine plants and a number of Defense Plant 
Corporation plants. The cell is now being operated at 10,000 
to 12,000 amp in several plants. 

In response to the need for larger cells, the writer, using 
type 8 cell data and experimental data from two modified 
type 8 cells, designed the type 8-3 cell for operation at about 
20,000 amp. The type 8-3 cell has twice the active anode and 
‘athode area of the type 8 cell and used the same design prin- 
ciple. In June of 1948 the first circuit of type 8-3 cells went 
into operation. In 1951 a modification of the type S-3 cell, 
known as the type S-3A cell was placed in commercial opera- 
tion. Externally it has been designed for current carrying up 
to 30,000 amp. Several circuits of type 8-3 and type S-3A 
cells are in commercial operation. 

Some of the other well-known diaphragm cells are the Har- 
graves-Bird, Nelson, and Allen-Moore. These are all vertical 
diaphragm cells with graphite rows down the center of the 
cell, similar to the Townsend cell. The Nelson cell was fairly 
shallow while the others were high like the Townsend cell. 
In contrast to the Townsend cell, however, they all used 
empty or drained cathode compartments. In the Hargraves- 
Bird cell, carbon dioxide was added to the cathode compart- 
ment to produce sodium carbonate. 

Another group of cells, associated with the names of Vorce, 
Wheeler, and Tucker-Windecker, are vertical cylindrical cells. 
In these the graphite blades are long and narrow, being sus- 
pended from the top. Around the ring of graphites is a per- 
forated steel cathode plate faced with an asbestos-paper dia- 
phragm. 

At the Dow Chemical Company, cell development work 
has centered around a bipolar cell. The original bipolar cells 
consisted of graphite plates mounted in a frame. In the same 
frame, backed up to the graphite anodes was a cathode faced 
with an asbestos-paper diaphragm. Racked up in proper order 
like a filter press, the compartments operated in series as a 
bipolar cell. 

In Dow’s latest cell, the cathode is constructed as a series 
of vertical envelopes or fingers, similar to the Hooker cells. 
From the opposing anode frame the anode graphite blades 
are perpendicular to the base plate and placed so that they 
will mesh with the cathode fingers. The anode of the second 
section is backed up to the cathode of the first section. With 
successive sections fitted together in series, a high capacity 
bipolar cell results. 

The mercury cells for the production of caustic and chlo- 
rine release chlorine in the cell, plating sodium into mercury 
to form an amalgam. The amalgam is moved from the elec- 


November 195 


trolytic section of the cell into another compartmet for de 
composition. There the amalgam is contacted wit! water jy 
the presence of graphite electrodes contacting bot!) liquids 
With the major portion of the sodium stripped fron. jt, thy 
amalgam is returned to the electrolytic cell. 

The Castner, or rocking cell, which was the basis of thal 
Mathieson chlorine plant, is a three-compartment cel], Th 
central compartment is the electrolytic section; sodium js 
recovered in the two end compartments. When the ej 
which is balanced in the center, is rocked, the amalgam Sout 
back and forth between compartments. Thus, the amalgan 
is alternately strengthened with and stripped of sodiyy 
This original design has through the years been improved 
and modified at the Mathieson Niagara Falls plant, to mect 
modern competition. 

As evidenced by their more recent installations at Saltyil) 
and at the new plant in Alabama, Mathieson’s cell develo) 
ment work has deserted the rocking cell in favor of the hori 
zontal cell which flows the mercury over a wide, slightly in 


clined plane surface under the anode plates. At the end of the] 


cell, the amalgam formed flows into a decomposer of whicl 
the most popular form today is a vertical tank filled wit! 
graphite. 

In the early days, cell development followed the familia: 
pattern of developing an idea from extremely limited know! 
edge and then proceeding to experiment until a successfu 
cell resulted. The method was surely more art than science 
During the past fifty years, the theories of electrochemistry 
ion movements, and other basic tools of the industry hay 
been vastly expanded. Nevertheless, even though cells can 
be designed from theeretical calculations, an extensive per 
sonal knowledge is required and radical departure from pio 
neer basic styles requires extensive laboratory and plant seale 
testing. 

During the fifty years that The Electrochemical Societ 
has been in existence, not only chlorine cells, but methods o! 
handling chlorine have undergone extensive changes. In the 
early days of the industry, chlorine was converted into chlo 
rine water and sodium hypochlorite for bleaching uses. Later, 
chlorine was dried with sulfuric acid and converted to bleach 
ing powder. As the years passed, means of compressing chlo 
rine were sought. One early attempt at the solution of this 
problem was a type of hydraulic ram which had some success 

The development of the Nash turbine using sulfuric acid as 
the sealing liquid was a major contribution, making pressures 
sufficiently high for liquefaction possible. By this means the 
shipment of chlorine was greatly facilitated, thus opening up 
more potential uses for chlorine and strengthening a weak 
market. About 1937 reciprocating compressors with carbon 
rings were tried successfully in commercial use. They opened 
the way to higher pressure compression. 

In the early days of chlorine-caustie production, the de 
mand was for caustic. However, electrolytic-cell production 
has no regard for market requirements. It makes chlorine 
and caustic in an unfailingly constant ratio. In general 
during the fifty-year period, uses for chlorine and caustic 
have balanced out remarkably well, but there have been times 
frequently throughout the years when the uses, like the swing 
of the pendulum, have been out of balance on one side or the 
other. 

While caustic soda can be fused and stored in light steel 
drums, chlorine requires high-pressure storage tanks which 
are expensive. Therefore, since chlorine use or sales usuall) 
control the plant operating rate, most of the research ha been 
to find further uses for it. The research chemists and eng'neets 
have been so successful in that line with their insecticides, 
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wicant additives, fire-resistant and noncombustible sol- 
ats, and plasties that the present sales trend is for more 
orine 
Having developed a short review of the past fifty years in 
jp chlor-alkali industry, one cannot help but wonder what 
ges may come in the next fifty years. A glance at the 
ends in plastic materials may be a key. Certainly they will 
ve noticeable effect on cell design in the near future, and 
bably a radical effect as the fifty-year period advances. 
The present trend is in the direction of larger capacity cells. 


The electrolytic manufacture of chlorates began in the 
(nited States at the close of the last century following the 

otective tariffs of 1894 to 1897. 

In 1897, the National Electrolytic Company of Niagara 
falls, New York, operating under the United States patents 
‘W. T. Gibbs, commenced the manufacture ‘of potassium 
lorate, and about the same time the North American 
emical Company, of Bay City, Michigan, began the manu- 
ture of potassium and/or sodium chlorate by a process 
dmilar to that used by their parent company, The United 
\kali Company, in England. In 1899, Oldbury Electro- 
emical Company, of Niagara Falls, started manufacture 
{potassium chlorate with a process similar to that of their 
vent company, Albright & Wilson Limited, of Oldbury, 
ngland 
While the cells used in these processes were mechanically 
lifferent, the electrochemical efficiencies were approximately 
the same, and all of them used platinum anodes and copper 
ithodes. 

The total production in the United States at that time was 
pproximately 750 tons of sodium chlorate and 5000 tons of 
otassium chlorate per annum. 

By the summer of 1903, Oldbury Electro-Chemical Com- 
any was manufacturing only sodium chlorate, while North 
\merican Chemical Company manufactured both. 

The principal use of potassium chlorate was in matches, 
ut it was also used in pharmaceuticals to a small-extent, in 
the manufacture of certain explosives, and in the generation 
foxygen. Sodium chlorate was used principally in the textile 
udustry and in color manufacture, mild farm explosives, 
ind also to a small extent in the generation of oxygen. 

Oldbury Electro-Chemical Company commenced the man- 
facture of potassium perchlorate in 1910, with the yearly 
production of 150 tons used in railway signal fusees and 
pyrotechnies, Until this time the potassium perchlorate had 
ll been imported. 

The situation regarding chlorates continued with a slow 
increase in production and consumption under the continued 
protection of the Payne-Aldrich Tariff, and substantially all 
hlorates and perchlorates used in the United States for some 
ears prior to World War I were of domestic manufacture. 
During the first decade of the century there were improve- 
ments in cell efficiency with lower power consumption which 
vere common in the industry. 
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That will certainly continue in the future. Fifty years ago 
one had a vague and probably unscientific idea and pro- 
ceeded to develop it, suecessfully or otherwise. Today, one 
has scientific data to aid in cell and equipment design. With 
scientific knowledge developing at an accelerated rate and 
technical societies continuing to assist in the distribution of 
that knowledge, just as The Electrochemical Society has 
been doing for the past fifty years, one can venture to pre- 
dict that the technical aspect of the chlori-alkali industry 
will continue in its rapid advancement. 


The Payne-Aldrich Tariff was 2 cents a pound on potassium 
chlorate, 144 cents a pound on sodium chlorate, and 25 per 
cent ad valorem on potassium perchlorate. The Underwood 
Tariff of 1913 reduced these rates to 14 cent a pound on each 
of the chlorates and to 15 per cent on perchlorate, and strong 
foreign competition was beginning to be felt when World 
War I started. 

Although there were demands on the United States during 
the war for additional production for export to replace sup- 
plies in other countries formerly obtained from Europe, the 
production of potassium chlorate was limited by the scarcity 
of muriate of potash also supplied from Europe, and this 
condition continued throughout the war. On the other hand, 
there was increased production of sodium chlorate, it being 
used in some instances as a substitute for the potash salt and, 
also, considerable quantities were exported. 

Oldbury Electro-Chemical Company had eliminated plati- 
num as electrode material for chlorate sometime before the 
war started which made rapid expansion of its sodium chlorate 
plant quite economical. 

With the end of the war, the inadequate duty of ‘4 cent a 
pound imposed by the Underwood Tariff on chlorates began 
to be felt in the United States, and chlorates were imported 
in large quantities. Quoting Williams Haynes (1), “During 
the 20’s sodium and potassium chlorates had a turbulent 
career, ending in a humiliating climax. When the demand 
shrank to present time uses, chiefly in match heads and pyro- 
technics for potassium chlorate and textiles for sodium chlo- 
rate, Europeans made determined efforts to recapture the 
American market. Although the tariff commission ordered 
investigation of comparative costs and the tariff was ad- 
vanced, it was too late or inadequate.” 

Prior to the war, imports of potassium chlorate and potas- 
sium perchlorate together (no separate figures were kept until 
1926) were of minor importance, and even in 1913 there were 
only about 600 tons imported, with consumption of about 
6000 tons of potassium chlorate and 150 tons of potassium 
perchlorate. With the end of the war and the resumption of 
shipping, the imports from Europe of potassium chlorate into 
the United States jumped to 1000 tons in 1921, 4400 tons in 
1922, and 4500 tons in 1923, despite the increase in duty under 
the Fordney-McCumber Tariff of 1922, which increased the 
duty on all three salts to 1'% cents a pound. 

The determined efforts on the part of European exporters 
to capture the whole of the United States market for chlorates 
led to the closing of the National Electrolytic plant in 1921 
and the North American Chemical Company plant in 1926, 
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leaving Oldbury Electro-Chemical Company the only manu- 
facturer of chlorate (sodium chlorate) on the North American 
continent. In spite of this vigorous European competition, 
Oldbury Electro-Chemical Company continued the manu- 
facture uninterruptedly and also continued to manufacture 
potassium perchlorate. The entire amount of potassium chlo- 
rate consumed in the United States from 1926 to 1933 came 
from Europe. 

The experience of Canada in this respect was the same. In 
1913-1914 a plant for the manufacture of potassium chlorate 
similar to that of Oldbury Electro-Chemical Company for 
sodium chlorate had been built at the Electrie Reduction 
Company (now the Electric Reduction Company of Canada, 
Ltd.), Buckingham, Quebec, another associate company of 
Albright & Wilson Limited, of England. During the war this 
plant was expanded for the production of sodium chlorate, 
but neither production survived postwar European com- 
petition. 

Sodium chlorate had been used in Europe as a weedkiller 
for some years prior to World War I, and the development of 
its use in the United States during the 20’s led to a very great 
increase in consumption, which was largely taken care of by 
domestic manufacture. For several years prior to World War 
I imports of sodium chlorate had been practically nothing, 
with production and consumption approximately 750 tons a 
year. Production during the war was increased to 1800 tons 
and, although after the war there was a considerable amount 
of imported material, steadily increased during the 20’s and 
30’s until, prior to the outbreak of World War II, it had 
reached 5000 tons a year, due to agricultural use. 

In 1933, the increasing restlessness on the continent of 
Europe and the realization that the United States and Canada 
were entirely dependent on European manufacture for chlo- 
rate of potash determined Oldbury Electro-Chemical Com- 
pany to commence the manufacture of chlorate of potash in 
Niagara Falls, New York, and the Electric Reduction Com- 
pany of Canada to rehabilitate their chlorate plant. Also, 
realizing the potentialities of the situation, together with the 
attempt of the Europeans to take advantage of the situation 
as regards chlorate of potash in the American market, the 
Diamond Match Company (largest user of potassium chlo- 
rate) decided to build a plant in Oswego, New York. The 
production capacity of these companies was increased during 
the next few years until in 1940 with the outbreak of the 
second war, Oldbury Electro-Chemical Company was in a 
position to take care of over one-half of the consumption in 
United States, other immediate requirements being taken care 
of by the production of Diamond Match Company’s plant at 
Oswego and with stocks on hand. New, but minor, uses, no- 
tably for beauty treatment, had been developed for potassium 
chlorate, but the major use continued to be for matches. 

The increasing use of sodium chlorate as a herbicide became 
so important that a study of the economics of its manufacture 
and distribution and uses was made by the Department of 
Agriculture in 1936-37. 

A very comprehensive report, including the details of a 
process for the manufacture of chlorate, was submitted to 
Congress by H. G. Knight, Chief of the Bureau of Chemistry 
and Soils of the Department of Agriculture, January 1937. 
An excellent article on electrochemical production of sodium 
chlorate was published by P. H. Groggins, Senior Chemist, 
and his associates (2). 

Within two years prior to the beginning of World War II 
both French and German producers were considering the 
manufacture of chlorate'of potash and/or soda in one or the 
other of our Western states. Before their plans materialized, 
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however, the war started. In 1941, Western Electr: Cher; 
Company commenced manufacture of chlorate of potas) ; 
a small seale at Los Angeles, and by the end of 1941 the enti 
requirements of potash were being manufactured jy 4 
United States, and nearly all the requirements of sodiy 
chlorate. 

Pennsylvania Salt Manufacturing Company commeng 
manufacturing of both soda and potash salts in 1942 at 7 
coma, and the International Minerals and Chemical (‘, 
pany started the manufacture of potassium chlorate jp 19 
at Cincinnati, but closed down shortly after the end of Wo, 
War II. 

Part of the basic magnesium plant built for war purpo 
by the United States Government at Henderson, Nevada, a) 
closed down before the end of the war, was converted to 
manufacture of chlorates and perchlorates and the operati 
leased to the Western Electro Chemical Company, whieh 
the present time conducts operations in that location for ¢} 
manufacture of these products. 

In 1941, unable to obtain their requirements of potassiy, 
perchlorate used in mining explosives and which former| 
had been derived partly from domestic manufacture 
partly from imports, the Cardox Corporation, prima: 
interested in potassium perchlorate, built a plant for th 
manufacture of sodium chlorate and potassium perchlorat 
at Claremore, Oklahoma, and at the same location a [pt 
plant for the United States Government of 200 tons a mont 
of perchlorate, which since the war has not been operated 

At the close of Wor! War II yearly production in t 
United States was as foilows: sodium chlorate 15,000 to: 
potassium chlorate 10,50 tons; potassium perchlorate 2,() 
tons. 

New uses developed during and since the war for sodiu 
chlorate for paper bleaching, cotton defoliation, and t 
manufacture of chlorite, and for potassium perchlorate { 
plane rocket assists, metallurgy, and other governments 
uses have increased production and consumption of thes 
two products. The production of potassium chlorate remai: 
about the same as at the close of the war. 

Another development during World War IT was the manu 
facture of ammonium perchlorate from electrolytically pr 
duced sodium perchlorate by both Western Electro Chemie: 
Company and the Electric Reduction Company of Canad 


Ltd. Both developed the manufacture of the material for wa 


purposes. 

In 1950 U.S. A. production of sodium chlorate was 22,("" 
tons, potassium chlorate 10,000 tons, and potassium 
chlorate 4500 tons. The figure for sodium chlorate and pots 
sium perchlorate will-be considerably higher in 1952. 


The plant of the Diamond Match Company, at Osweg0, 


New York, has been closed down since the end of the w: 
They have been able to obtain their chlorate from oth 
producers more advantageously. 

At the present moment there are in the United States fou 
manufacturers operating electrolytic processes for the man 
facture of either one or all of the chlorates and perchlorate: 
Western Electro Chemical Company, Cardox Corporatio 
Pennsylvania Salt Manufacturing Company, and Oldbu! 
Electro-Chemical Company. There is one in Canada—tlect" 
Reduction Company of Canada, Ltd. 
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FIFTY YEARS OF INDUSTRIAL ELECTROLYSIS 


A History of the Hydrogen Peroxide Industry 


M. E. Bretschger and Edward Shanley' 


ydrogen peroxide was discovered in 1818 by the French 

nist Thenard, His preparations were made by reacting 

jum peroxide with acids. Little or no use of this discovery 

. made for over 50 years. In 1866 the French chemist Tesse 
» Motay is said to have suggested the use of hydrogen 

oxide as a bleaching agent. By this time chlorine had been 

veneral use for textile bleaching for over 60 years. 

The first commercial manufacturing of hydrogen peroxide 
Lems to have been carried out by the barium process at the 

int of Schering in Berlin starting in 1873. Following this, 

lrogen peroxide came into use for pharmaceutical purposes 
| for the bleaching of straw and silk, as well as for certain 

‘ton, wool, and rayon specialties. Some bleacheries operated 
wall seale plants for the conversion of barium peroxide to 

lrogen peroxide. 

The electrolytic method for making hydrogen peroxide may 
e traced back to the research of Faraday who observed in 
\32 that sulfate solutions could be oxidized at a platinum 

ode. After many years of effort on the part of Brodie, 
erthelot, Traube, and others, the products of this oxidation 

re found to be the anions (SO;~) or (82037) depending upon 
te conditions. Marshall isolated the potassium salt K.S.Ox, 

mmonly called potassium persulfate, in 1891. 

Teichner, working at the Consortium fur Elektrochemische 
lndustrie in 1905 first proposed the idea of manufacturing 

drogen peroxide by hydrolysis of persulfates and subse- 

ent recuvery of the peroxide by distillation. About 1910 the 
terreichische Chemische Werke in Weissenstein set up the 
st commercial plant for this purpose. Sulfuric acid was 
idized to H.S.O5 on platinum anodes, after which hydrogen 
eroxide was recovered as proposed by Teichner. This process 
isa commercial success and is still operated on a large scale. 

In 1909, the German chemists Pietzsch and Adolph ob- 
tined a patent on an alternative way to synthesize hydrogen 
eroxide via electrolytic persulfate. This process, operated 
snee 1912 by the Elektrochemische Werke Munchen, consists 
i anodically oxidizing an ammonium bisulfate solution to 
eld ammonium persulfate. This oxidation can be carried out 
t very high current yields. The ammonium persulfate solu- 
tion is treated with potassium bisulfate whereby the sparingly 
luble potassium persulfate separates out. This salt is mixed 
ith 50°Be sulfurie acid and heated under vacuum, whereby 
ydrogen peroxide is formed and immediately distilled from 
the reaction mixture. Because of the recrystallization step 
this proeess is capable of making exceptionally pure and 
table hydrogen peroxide. It was the basis for much of the 
erman supply during both World Wars. 

The Riedel and Lowenstein process for making hydrogen 
eroxide combines the high current yields of ammonium bi- 
sulfate electrolysis with the convenience of all-liquid opera- 
tion, the ammonium persulfate solution being taken directly 
‘rom the electrolysis to the hydrolysis and distillation stage. 
this process, first used by J. D. Riedel E. De Haen A. G. is 
so exploited on a large scale at the present time. 

Hydrogen peroxide from the various electrolytic processes 
noved to be purer and more stable than that from the barium 
roeess, and in addition was readily prepared at higher con- 
entrations, such as 27.5 per cent, 35 per cent, and 50 per 
ent. As a result of these factors the electrolytic processes 


‘Ruffalo Electro-Chemical Company, Inc., Division of Food 
Machinery and Chemical Corporation, Buffalo, New York. 


quickly attained a dominating position in peroxide manu- 
facture. 

Electrolytic hydrogen peroxide was first made in the U.S.A. 
in 1926. Since that time American producers have made great 
strides in improving the product, its shipping containers, and 
the manufacturing processes. Regarding the product, the 
most important improvements have been in the storage 
stability. Hydrogen peroxide solutions tend to break down 
into water and oxygen, a process which is accelerated by 
most metals, almost all impurities such as heavy metal ions, 
dust and dirt, and many other materials. The work of Reichert 
and collaborators exemplifies successful research into means 
for improving the stability of commercial hydrogen peroxide. 
In a series of patents issued during the 1930’s and assigned 
to the Du Pont Company, these men disclosed the tin process 
for peroxide stabilization, furnishing one means for making 
commercial hydrogen peroxide so stable that only one or two 
per cent of the active oxygen is lost during 24 hours at 100°C 


Fig. 1. Early batch-type distillation 


and less than this amount in a year of normal storage. Simi- 
larly and subsequent to the above, many other stabilizing 
reagents have been developed and particularly has the de- 
velopment of processes for very high purity peroxide furthered 
such program. 

Hydrogen peroxide was originally shipped only in glass 
bottles and carboys. In 1931 the Buffalo Electro-Chemical 
Company pioneered the use of aluminum tank cars for ship- 
ping concentrated hydrogen peroxide. Suitable aluminum 
drums were developed a little later and today almost all 
peroxide shipments are made in one or another of these con- 
tainers. Aluminum storage tanks are also commonly employed 
at the point of use. The peroxide industry could not have 
reached its present size without the development of these 
safe, inexpensive and convenient shipping and storage con- 
tainers. 

Great strides have also been made in manufacturing opera- 
tions. Modern peroxide stills have about eight times the 
throughput of the original European counterparts. Fig. 1 
and 2 show the contrast between the older batch-type dis- 
tillation and a modern still room. Fig. 3 shows a modern 
battery room, the cells of which are operated at about three 
times the current input of early models. 

Improvements in peroxide technology are also apparent 
in the range of available concentrations of peroxide. The 
standard commercial concentration was 27.5 per cent H.O, 
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in the 1930’s. Today most deliveries are made at 35 per cent 
or 50 per cent, and 90 per cent HO, is readily available. 

Perhaps the most tangible evidence for improvement in 
manufacturing methods is furnished by price comparisons. 
In a time of rapid inflation the price of hydrogen peroxide 
has shown a downward trend as illustrated in Fig. 4. This 
record has been achieved by continual refinements in process- 
ing, permitting a steady reduction in costs. 


cotton goods, and by the early 1930’s hydrogen pe oxide 
being used for specialty bleaching in several Ameri-an cotto 
milis. The original impetus was furnished by the faet tha 
cotton goods containing vat-dyed portions could be peroyi, 
bleached without damage to the colors. The reliability gn, 
safety of the peroxide bleaching process, and the excelleng, 
of the results led to a great swing toward the use of this 1 
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Fic. 4. Price of hydrogen peroxide 
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Fic. 3. A modern battery room 


Following the introduction of the electrolytic hydrogen Fic. 5. Production of hydrogen peroxide 
peroxide into the U.S.A., large-scale application research was : 
undertaken in this country. From 1925 to the present time agent in all cotton processing. During the 1930’s this trend 
American peroxide producers have invested a total of about carried hydrogen peroxide into the bleaching of all types 0! 
1000 man years in such research. The industrial applications cotton yarns, knit goods, and woven goods, both colored an¢ 


of the product have followed a sharply rising curve, due in : 
large measure to this factor. The growth curve is illustrated ing cotton piece goods appeared in 1940. Having the ust! 
in Fig. 5. A few of the important uses, most of which were merits of continuous operations, such as faster processi0g, 
fostered and developed in large part by the hydrogen peroxide greater uniformity, and low cost, this process was an imme- 
industry, are outlined below. diate success. Its adoption was delayed by material shortage 

An early use for hydrogen peroxide was in the bleaching of during the war years, but by 1948 r ost large scale cotton piece 


all white. The continuous bleaching system for use in process 
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ods bieaching in the U.S. was being carried out in con- 
sinuous peroxide equipment. In addition, the process has been 

jopted by many bleacheries abroad, and continuous peroxide 
aching equipment is now coming into use all over the world. 

About 80 per cent of all cotton bleaching in the U.S. is 
ww carried out with hydrogen peroxide, and this for some 
vars was the largest single use for HOs. 

The bleaching of wool with hydrogen peroxide has been 
aeticed, at least on a small seale, for a great many years. 
However, until the early 1920’s peroxide wool bleaching was 
, specialty operation in the U.S. With the availability of 
imestic hydrogen peroxide, wool bleachers have turned in- 
reasingly to the use of this chemical in place of the various 
educing bleaches. Starting in 1928, hydrogen peroxide proe- 
sing was adapted to the continuous wool scouring machine. 
since that time peroxide bleaching has been applied to a 
onstantly increasing proportion of the wool produced in this 
ountry. 

The bleaching of groundwood pulp has become a major 
utlet for peroxide during the past few years. Interest in 
yeroxide for this purpose was fostered by the desire to use 
goundwood pulp as a partial replacement for chemical pulp 
n book and magazine papers. Groundwood pulping yields 
proach 100 per cent based on the wood, while chemical 
wping by its very nature discards about half the wood 
veight, retaining only the cellulose for paper making. How- 
ver, groundwood pulp is dark in color and is not bleachable 
y standard chlorine pulp bleaching techniques. The develop- 
ment of peroxide bleaching methods for groundwood pulps 
has fostered the use of this cheaper pulp on a very large 
wale, and most nationally circulated magazines are currently 
printed on groundwood content paper. 

The newest big use for peroxygen chemicals is in the field 
{ organic synthesis. The current availability of concentrated 
hydrogen peroxide makes it convenient and economical to 
synthesize performic, peracetic, and other peracids. This in 
turn makes it possible to carry out numerous organic oxida- 
tion reactions. Examples are the synthesis of epoxy and hy- 
roxy stearic acids from oleic acid. The epoxy compounds 
are especially valuable as stabilizers and plasticizers for 
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chlorinated polymers and for the production of new resins 
and surface active materiak Other valuable new reactions 
of the same type include the synthesis of an epoxidized in- 
secticide, Dieldrin, and the preparation of 17 hydroxy stear- 
oids, such as cortisone. 

Drug and cosmetic uses, longtime standby of the peroxide 
industry, continue to thrive, although now constituting a 
minor part of total peroxide consumption. Some millions of 
small bottles of hydrogen peroxide are sold annually for use 
in hair dyeing, hair bleaching, in cold waving, and for various 
pharmaceutical uses. Most of this material is bottled at 3 per 
cent or 6 per cent H,O. by firms purchasing 35 per cent in 
bulk containers. 

Before World War II the Germans carried on secret large- 
scale developments looking toward tne production of very 
highly concentrated hydrogen peroxide and its use in weapons 
of war. Large facilities were set up for making 80-85 per cent 
hydrogen peroxide. As it turned out, these developments were 
not completed in time to have a decisive effect. Some, like 
the high speed submarine and the long range rocket might 
have changed the course of the war. 

The American peroxide industry, when appraised of the 
need, was able to outdo European practice. In record time 
the Armed Forces were provided with a supply of 90 per cent 
hydrogen peroxide, purer and more concentrated than that 
available in Germany. The military research conducted on 
the basis of this material is largely under security restric- 
tions, but it is safe to assume that our country will not lag 
in the exploitation of this compact and extremely powerful 
energy source. 

To supply the expanding demands outlined above has re- 
quired continuous expansion of the hydrogen peroxide pro- 
ducing facilities. Hydrogen peroxide has been in very tight 
supply in this country many times in the past ten years, yet 
essential demands have always been met. Because of the in- 
evitable lag between a decision to expand and the completion 
of a plant, continued approximate balance of supply and 
demand is evidence of foresight on the part of management. 
At the present time and for the immediate future it is indi- 
cated that all demands for this chemical can be fully met. 
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Electric Reduction is still expanding! In 1953 two 
15,000 kw furnaces, the first additional units of 
our new plant at Varennes, Que., on the St. 
Lawrence, will be in production. 


Erectric REDUCTION 
SALES COMPANY LIMITED 


TORONTO 
137 WELLINGTON STREET WEST PLANT AT BUCKINGHAM, QUEBEC 
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In this 50th year since the founding of The Electrochemical 
siety, it is justifiable to recount and record the electro- 
etallurgical researches and achievements of Augustus James 
Rogers who joined the Society on February 3, 1903. He was 
teacher in the high schools of Milwaukee, Wisconsin, from 
\75 until he died in 1907. In addition to his teaching duties 
e did researches in the electrometallurgy of sodium and of 
uminum, obtained patents, served as expert witness in 
tent litigation, and wrote essays for engineering magazines 
il for scientific societies. That is an exceptional record for 
high school teacher, whether it be measured with the stand- 
ds of seventy years ago or even with those of today. 


Education and Teaching Career 


Augustus James Rogers was born at Cape Vincent, New 
York, on February 18, 1848. He was graduated from the high 
vhool at Watertown, New York, and from Cornell Univer- 
sity, Ithaca, New York, in 1871, with the degree of Bachelor 
f Philosophy. During the school year 1873-74, he studied 
physics, calculus, and experimental chemistry at Heidelberg 
University, Germany, where he had Professors Bunsen and 
Kirchhoff as teachers. The following year, 1874-75, at Fred- 
erick William University in Berlin, he studied experimental 
physies under Professor Helmholtz. 

In September 1875 Rogers went to the East Division High 
School in Milwaukee, Wisconsin, as a teacher of physics and 
hemistry. He was promoted to vice-principal in 1888, and 
to principal in 1892. Then from 1901 until his death in 1907, 
ie taught physies and chemistry in the South Division High 
School of Milwaukee. 


Experiments in Electrometallurgy, 1875 to 1886 


Rogers began his experiments shortly after beginning his 
work as a teacher. The equipment in his laboratory was 
ather meager for his purposes. To measure electric current, 
ie had to make and use voltameters of silver and of copper. 
But because they took so much time and effort, he made a 
tangent galvanometer with which he could measure the am- 
peres with an accuracy adequate for the purpose. 

In this period, batteries were the only sources of electric 
current. The first company to sell electricity was the Badger 
Illuminating Company, incorporated in July 1885. 
Rogers reports that in 1878 he bought a 50-cell Ladd-Grove 
battery from George Wale of Stevens Institute of Technology. 
The new 50-cell battery made it possible to do experiments 
that required fairly large currents and at voltages higher than 
previously obtainable. 


'hemieal Engineering Department, University of Wis- 
cons n, Madison, Wisconsin. 
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AUGUSTUS JAMES ROGERS 


Pioneer American Electrometallurgist 


Otto L. Kowalke’ 


Lacking crucibles, Rogers used clay pipes instead, the 
kind commonly used by men for smoking tobacco. An iron 
wire was pushed through the hole in the stem and into the 
bottom of the bowl of the pipe to serve as the cathode; the 
anode was a carbon rod inserted into the bowl from the top. 
Such an assembly was then heated in a Bunsen flame until 
the charge of sodium chloride was melted, whereupon the 
current was turned on. Because the iron wire was faui!ty as a 
cathode, Rogers put either lead or tin in the bottom of the 
bowl, which, when melted, would serve as the cathode. The 
iron wire then was only a conductor. The molten lead and 
tin, moreover, formed alloys with the sodium liberated by 
electrolysis. Such were the conditions and procedures in the 
experiments by 1879. John F. Burke, once a teacher in an- 
other school, later a lawyer, and long a close friend, tells of 
those early experiments and also of Rogers’ attempts to win 
sodium and aluminum by electrolysis. 

The crucible problem was solved when, in 1881, a Mr. 
Kendrick, who had an abstract of title and law business, 
gave some help. He bought crucibles and also had some made 
by the potter of the local glass factory in accordance with 
Rogers’ specifications. These crucibles were around 3 in. in 
diameter by 4 to 5 in. high, and of various shapes. 

Because the crucibles needed more heat than could be ob- 
tained with a Bunsen flame, a charcoal furnace was bor- 
rowed. In it, some Battersea crucibles, lined with alumina, 
were heated from below. The anodes were carbon rods in- 
serted into the crucibles from the top, and the cathodes were 
either molten lead or tin to which connection was made by 
an iron wire incased in clay and also inserted from the top. 
In some later experiments an iron rod was passed through a 
hole in the bottom of the crucible and held in place with 
lock nuts inside and outside so that it was in contact with 
the molten cathode. The crucibles were heated from below. 
The electrolysis of fused sodium chloride, using a molten lead 
cathode, gave a lead-sodium alloy which was judged to be 
homogeneous. Metallic sodium was obtained only when an 
iron wire alone was made the cathode. With such equipment 
Rogers tried, in 1882, to get metallic aluminum by electro- 
lyzing fused “‘potash alum.” 

The first patent—The successes in the experiments and 
the encouragement of friends prompted Rogers, in April 1883, 
to apply for a patent on a “Process of Getting Difficultly 
Reducible Metals by Electrolysis.” Patent 296,357 was 
granted on April 8, 1884 and assigned two-thirds to Henry 
Mann and Julius Koebig. 

The ill-fated pilot plant.—The facilities for experimenta- 
tion, either at the high school laboratory or at Rogers’ home, 
were quite limited. A small plant in which experiments could 
be done on a larger scale would have been most desirable 
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but that required money. In the autumn of 1883, Henry 
Mann, a neighbor of Rogers and a manufacturer in Milwau- 
kee, bought the interest of Kendrick. In December 1883, 
Mann purchased a dynamo, giving 10 amperes at 60 volts, 
and installed it in a building he owned in the Bay View sec- 
tion of Milwaukee. Julius Koebig, an associate of Mann, got 
the plant ready for operation. In January 1884, on the first 
test run, with Koebig in charge and Rogers absent, the 
crucibles got overheated and broke and the dynamo was 
burned out. Thereafter, all experiments at that plant were 
abandoned. Rogers again had to rely on batteries for elec- 
tricity. 

The first trials to electrolyze fused mixtures of sodium 
chloride and cryolite were made in April 1884. The range of 
the compositions of the electrolytes was from one part each 
of salt and of eryolite to two parts of salt and one of cryolite. 
The crucibles used were of clay, the electrodes were like those 
described previously, and the cathode was molten tin. The 
aluminum obtained was in globules about the size of a pea 
or bean. The quality of the product was estimated by making 
measurements of the specific gravity of the globules. 

In 1884 certain quantitative measurements were made re- 
specting the amount of metal deposited by electrolysis at the 
cathode. For these tests a Grove battery furnished the elec- 
tricity, Battersea crucibles held the fused sodium chloride, 
and “the carbon anode and the iron wire cathode terminat- 
ing in a tube of lime, dipped into the molten salt. As soon as 
metallic sodium was seen to escape and burn at the surface 
of the liquid, the current was stopped, the liquid cooled, the 
crucible broken, and the amount of sodium determined by a 
standard acid solution. Some of the sodium was oxidized, but 
a considerable amount would be found in the tube in the pure 
metallic state.” 


Experiment Amp Time in sec Capt ba 
g 
No. 1 3.2 90 0.04 0.066 
No. 2 2.5 480 0.04 0.286 
No. 3 2.8 360 0.16 0.24 


Near the end of the year 1886, Rogers tried to electrolyze 
a fused mixture of alumina (Al,O;) in potassium cyanide in a 
glass U tube. In the bottom of the U he had molten tin for 
the cathode. That was connected to the circuit by an incased 
iron wire that came down one leg of the U; a carbon rod anode 
came into the other leg. The potassium cyanide was fused 
and then the alumina added. For this test he used alumina 
for the first time. The results of this test are not recorded. 


Experiments from 1886 to 1890 


Until about 1886, Rogers did most of his experimenting in 
the school laboratory and in his home. By judicious disclosures 
of the aims and the results of his experiments, he won the 
interest and assistance of several influential men of Milwau- 


kee. That marked the beginning of the second period of ex- 
perimentation. 


The organization of the American Aluminum Company in 
August 1887 “was due largely to D. J. Whittemore,” then 
Chief Engineer of the Chicago, Milwaukee, and St. Paul 
Railroad; Henry Mann was made its president. The company 
was formed “for the purpose of manufacturing and use of 
aluminum and other difficultly reducible metals including 
sodium, potassium, and magnesium. The method by which 
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it was proposed to obtain these metals is by elec‘ rolysis 

their fused salts.”’ 

Rogers believed that he could also make pure alloys of yy 
metal that would unite with aluminum. In Decen)ber igo 
he exhibited such an alloy, made in 1886, when testifying jy 
the patent interference No. 14039 of Lossier vs. Rogers \, 
Cowles and Cowles vs. others. 

Upon the suggestion of Rogers, the directors decided 4, 
build an experimental plant, corresponding to the “pilot plant” 
of today, in which to test out ideas further. By Christy: 
1887, the 20 by 28 ft-pilot plant, at the rear of Rogers’ hon, 
was completed and the furnaces installed. Rogers spent t} 
1887 Christmas vacation trying to get an old Brush dynay 
and a Fuller dynamo to work, but was unsuccessful. A pe 
dynamo arrived on January 22, ISSS; it was rated at 40% 
watts and to deliver 100 amperes at 40 volts. The new dynany 
together with the 10 hp Otto gas engine gave reliable electy; 
energy. 

The pilot plant period, 1887 io 1889.--In the beginning 
breakage of crucibles was extensive. Consequently, the fy 
nace was rebuilt so that the crucibles rested on a pier of fin 
brick allowing the flames to pass over and around the crue 
bles. That arrangement not only reduced the breakage, bu! 
it also permitted the iron connections to the molten cathodes 
to come up through the pier and into the bottoms of th 
crucibles. 

In the first report to the directors of the company in 188s 
Rogers tells of his disappointment over not being able to get 
help that had the required skills. He tells of working at thy 
plant at night, on Saturdays and Sundays, and during vaca 
tions, and that he made all the chemical analyses of the prod 
ucts of electrolysis. Cryolite, he said, was the most expensive 
of all the raw materials bought, and the small amounts ob 
tained cost 6'¢ cents a pound, or at the rate of $125 per ton 
Aluminum, he reported, was selling for $7 per pound, whole 
sale, and he estimated that it could be made for $2.50 per 
pound and sold for $4.00. 

Among other things reported to the directors in 1888 and 
1889, Rogers included detailed accounts of certain experi 
ments. In the experiments selected by the author for this 
essay, the electrolyte in all cases was a fused mixture 0! 
sodium chloride and eryolite. 

“On February 28, 1888, the first Al was made in appreciable 
quantities by electrolysis, using a clay crucible with an iron 
electrode in the bottom and carbon in the top, using cryolite 
and salt as electrolyte. I ran with 20 volts and 80 amperes for 
24 hours and collected 6 grams of aluminum, a considerable 
amount of pure sodium, and a large amount of sodium oxide.” 

During April and May 1888, he experimented. with various 
molten cathodes, such as lead, tin, antimony, bismuth, zine, 
and cadmium. He decided in favor of lead, because it did not 
alloy with aluminum, but did alloy with sodium. The sodium 
would then replace all the aluminum from the eryolite and 
there would be no loss of sodium or aluminum. 

On August 15, 1888, using four pots in series, he passed 
amperes at 33 volts through them for 734 hours. The yield 
was nearly 34 lb of aluminum and in addition there was a0 
equivalent of '4 lb more obtainable by the sodium that re 
mained in the pots. 

The last experiment in ISS8S8 was made on August 23. ‘There 
were 4 pots in series, through which 75 amperes at 36 volts 
were passed for 7 hours. The yield was only 6 oz of aluminum 
because one of the pots sprang a leak so that nearly half o! 
the power was wasted. . rom that date until the end of |SS5, 
time and effort were spent in making repairs and alterations. 
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from December 1887 to about September 1888 around 12 

\5 pounds of aluminum, in all, were made. The company 
ye no solicitations for orders, no attempts to fill unsolicited 
Jers nor to sell any of its product. Sample bars, however, 
ope sent to Tiffany and Company of New York and also to 
company manufacturing dental plates that wanted to try 
he metal for artificial teeth Some of those sample bars 
vighed as much as Ib. 

After September 1888, work in the pilot plant was done 
yt infrequently. The directors believed that the experiments 
i shown what could be accomplished, but decided to wait 
yon the outcome of two applications for patents before 
vending more money. One of these applications, No. 252,199, 
» “Reduction of Metals by Electrolysis,” was filed October 
3. ISS7, and was finally denied on August 20, 1888. The 
ther application, No, 278,573, for a “Process of Obtaining 
jificultly Reducible Metals and Their Alloys from the Salts 
‘Such Metals,’ was filed June 29, 1888. There were 43 
etters and replies between the Patent Office and Rogers and 
s attorneys. Then, nearly eight years later, on February 29, 
406, the application was finally rejected and denied. 

In a test made July 17, 1889, when 73 amperes at 40 volts 
ere passed for four hours through four pots, a yield of 200 
sams (about 7.1 oz) of aluminum was achieved. Of this test 
Rogers reported to the directors: “That yield is about six 
mes the amount that has ever been obtained by electrolysis, 
» far as | know. If results as good as that have ever been 
btained, they have never been published.”’ 

The slackening in the experimental work may have been 
nereased, because Rogers, having been promoted in 1888 to 
we-principal of the school, now had to spend more time at 
vhool on administrative duties than he did before. 


According to his testimony in the lawsuit of the Electric 
‘melting and Aluminum Company vs. Pittsburgh Reduction 
(ompany, Rogers continued his studies in electrolysis until 
it least 1899. But there is no record at hand concerning the 
uiture of those studies, excepting for the period from Feb- 
mary I891 to June 1891. The experiments there described 
lealt with the electrolysis of fused mixtures of sodium chloride 
lus eryolite, eryolite plus alumina, borax plus alumina, and 
«lium carbonate plus alumina. 


Recognition of Achievements 


The achievements of Rogers in the electrometallurgy of 
juminum and of sodium won him citations in publications, 
«quests for his services as expert witness, and friendly corre- 
spondence with scientists respecting technical matters. 


“ilations in Publications 


Joseph W. Richards, in his book, ‘‘Aluminium,”’ 2nd ed., 
iS), on pages 181-183, tells of Rogers’ electrolysis of fused 
wdium chloride to get sodium, and also of adding cryolite to 
such fused mass to get aluminum. On pages 280-283, the in- 
corporation, in 1887, of the American Aluminum Company of 
Milwaukee is mentioned. Rogers found that a paste of alumina, 
well fired on, was the best lining for the clay crucibles he used. 
‘{ the metallic aluminum, Richards says: ‘“‘A sample of alu- 
ninum sent me recently is of very fair quality.”’ 


W. Borchers in “Electric Smelting and Refining,’’ 1897, 
ranslation by W. G. MeMillan of ‘‘Elektro-metallurgie,”’ 
‘nd ed., on page 71, quotes from Rogers’ paper before the 
Wisconsin Natural History Society, April 1889: “In the last 
three years I have experimented on the reduction of sodium 
chloride using molten negative electrodes and especially lead.”’ 
\lso on page 128 he writes: “Richards (‘‘Aluminium,”’ 4th ed., 
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1890) describes an unpatented process of Rogers which aims at 
electrolyzing melted cryolite with a cathode of molten lead. 
Here an alloy of lead and sodium is used initially and this 


separates the aluminum at the expense of the sodium.”’ 


C. F. Carrier in ‘Electrochemical and Metallurgical In- 
dustry,’ Vol. 4, p. 444, November 1906, subtitle ‘Electrolysis 
of Fused Sodium Chloride’’ writes: ‘“The pioneer American 
worker in this field was A. J. Rogers. His apparatus was an 
elaboration of the same general features as are involved in the 
apparatus of Watt and was no more successful. The chief 
distinction was that Rogers introduced the salt into the elec- 
trolytic cell in the molten state.’’ (A. J. Rogers, U. S. Pat. 
296,357, April 8, 1884). 


Expert Witness in Patent Litigation 


(A) Butz Thermo-Electriec Regulator Company vs. Jacobs 
Electric Company (Defendant) in U. 8. Cireuit Court for 
Eastern Wisconsin, 1888. 

(B) U.S. Patent Office. Interference No. 14039; Obtaining 
Aluminium Bronze; Lossier vs. Willson vs. Cowles and Cowles 
vs. Rogers, et al. November 1892. In this case Rogers testified 
in his own behalf. 

(C) The Electric Smelting and Aluminum Company vs. The 
Pittsburgh Reduction Company (Defendant) in U.S. District 
Court, Northern District of New York, 1899. The record of 
“Complainants Rebuttal Evidence”’ fills 1190 pages and shows 
that 17 witnesses appeared. The testimony of three witnesses: 
Alfred H. Cowles, President, Electric Smelting and Aluminum 
Company; Henry Morton, President of Stevens Institute of 
Technology; and Augustus J. Rogers, Principal of Milwaukee 
East Side High School, comprises 73 per cent of the 1190 pages. 
Of this, Rogers’ share was about 12 per cent; Morton’s 20 per 
cent; and Cowles’ 41 per cent. 

The questions asked Rogers on direct and on cross exami- 
nation showed him to be well informed. Prominent among the 
questions were: (a) relation of current density in electrolysis 
to output of metal, (6) meaning of ‘‘secondary reactions,’’ (c) 
is alumina an electrolyte, (d) principle of minimum expenditure 
of energy, (e) latent heat of fusion, liquefaction, and of specific 
heat, and (f) the nature or kind of solutions used to deposit 
copper, silver, and brass. 


Correspondence with Prominent Scientists 


(A) Joseph W. Richards, of Leigh University, when writing 
the 2nd edition of his book, ‘‘Aluminium,’’ asked Rogers, on 
July 3, 1889, for more information on his process. He also 
acknowledged the receipt of a small bar of metallic aluminum 
and said: ‘‘Yours is one of the two processes which make pure 
aluminium, now in use in the United States; the other is an 
electrolytic one in Pittsburgh.’’ 

On July 24, Rogers sent. Richards a piece of aluminum foil. 
Richards replied that the foil may contain some lead. He also 
believed that the lead-sodium alloy would react with the fused 
bath containing cryolite and thus increase the yield of 
aluminum. 

In October 1889, Richards acknowledged the calculations 
made by Rogers on the actual output in electrolysis as com- 
pared with the theoretical, and also told that he had been 
working on the same problems. 

(B) George Gore, F.R.S., of the Institute of Scientific Re- 
search in Birmingham, England, corresponded with Rogers 
from 1887 to 1889 respecting developments in electrometal- 
lurgy in England and in the United States, particularly with 
respect to aluminum and copper. 


Patents 


Rogers obtained two U. 8. Patents: No. 296,357, on April 8, 
1884, for a ‘Process of and Apparatus For Reducing Metals by 
Electrolysis,’’ and No. 469,454, on February 23, 1892, for a 
“Process of and Apparatus For Controlling Discharge of 
Molten Contents of Crucibles and Other Vessels.” 
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Publications 1896 Electrical Engineering, Vol. VII (May). ‘Imholt, 


Besides his full-time job as teacher and his extracurricular 


work 


in experimental research, Rogers also found time to 


write essays to be read before scientific societies or printed in 
engineering magazines. The following is a list of such essays 
and articles. 


Year 


1885 


1887 


ISS9 


1891 


1894 


1895 


Article 


American Association for Advancement of Science. Ann 
Arbor Meeting. ‘‘Electrolysis of the Salts of Alkalis 
and Alkaline Earths.”’ 


“Syllabus of Laboratory Work in Chemistry.’’ Published 
by Authority of the School Board of Milwaukee, 
Wisconsin. 

Wisconsin Natural History Society (April). ‘‘Experi- 
mental Researches in the Reduction of the Difficultly 
Reducible Metals.’’ 

Amateur Electrician, Vol. I (April, May, June, July). 
“Galvanic Batteries.” 

Electrical Engineering, Vol. II (June). ‘‘Electrolytic 
Methods.’”’ (A paper read before the electrical engi- 
neering students at the University of Wisconsin on 
April 27, 1894). 

Electrical Engineering, Vol. V (June). ‘‘Extraction of 
Gold by Electrolysis.” 


} 


(An address given in Milwaukee in the East Diyig;, 
High School Lecture Course.) 

1901 Wisconsin Academy of Sciences, Arts 
(December). ‘‘Note on the Use of the Terms ‘Flyy’ ,, 
‘Solvent.’ ”’ 
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Candidates for Office—1953-1954 


Ropert J. McKay 


Robert J. McKay 
Presidential Candidate 


Robert J. McKay has been a vice- 
president of the Society for the past 
three years, and has previously served 
as Chairman of the New York Section, 
Chairman of the Corrosion Division, 
and in various other capacities. 

Mr. MeKay was born in Washington 
County, New York, in 1887. He re- 
ceived his B.A. degree at Butler College 
in 1910 and while there was assistant to 
Dr. R. B. Moore who was beginning his 
work on radioactivity and atomie fis- 
sion. His B.S. degree, in physical chem- 
istry, was received from the University 
of California in 1913, at which time he 
was an instructor at this university. 
After early work with western smelters, 
he joined the International Nickel 
Company in 1916. Following experi- 
mental work which led to the use of pH 
control in nickel refining, he did work 
at Mellon Institute on corrosion of 
nickel alloys for .the International 
Nickel Company. Later, as the com- 
pany’s Superintendent of Technical 
Service he was active in the develop- 
ment of new products, such as nickel 


clad steel and the alloy, Inconel, which 
has had recent attention in connection 
with jet and other high temperature 
engines—and he was author of the first 
paper describing the properties of 
Inconel. Since 1938 Mr. MeKay has 
been Chemical Engineer in charge of 
Plating Sales and Development and, 
more recently, he has been interested 
in new industrial uses involving corro- 
sion, heat resistance, and mechanical 
strength as contrasted with the more 
commonly known decorative uses of 
nickel plating. 

Mr. MeKay’s publications include 
some forty technical papers on the 
corrosion properties of nickel alloys, 
many of them in the TRANsaAcTIONS of 
the Society. He is co-author of the 
American Chemical Society Monograph 
on “Corrosion Resistance of Metals and 
Alloys.” 

As an officer of the Society, Mr. 
McKay has been a constant attendant 
at Society and Board meetings and 
has favored the policy of the improved 
Journal and an advertising program to 
support it. 


Jerome Strauss 
Vice-Presidential Candidate 


Jerome Strauss, vice-president and 
technical director of Vanadium Cor- 
poration of America, New York City, 
was born in New York in 1893. He 
received his M.E. degree from Stevens 
Institute of Technology in 1913. In the 
same year he joined the metallurgical 
department of Illinois Steel Company 
and, later, Western Drop Forge Com- 
pany, as chemist and metallurgist. 
During World War I Mr. Strauss served 
as a Lieutenant in the Ordnance De- 
partment, U. 8S. Army, and from 1919 
to 1928 he was materials engineer at the 
U. 8S. Naval Gun Factory. In 1928 he 
joined the Vanadium Corporation of 
America as chief research engineer, 
becoming vice-president in charge of 
research and development in 1935, and 
technical director in 1946. 


JEROME STRAUSS 


Mr. Strauss has published numero 
papers on low-alloy and _high-all 
steels, including the stainless or « 
rosion-resistant steels, tool steels, a 
high-strength bronzes. He holds eig 


U. 8. patents in this and allied fielis 


He has made a major contribution 
the initial use of the low-alloy, hig 
strength sheet-steels and the new bon 
steels. 


Mr. Strauss joined The Elect 
chemical Society in 1935 and _ lus 


participated in the management of |\s 


are metals symposia. Ne has also be 


active in other scientifie organization 


Hans Thurnauer 
Vice-Presidential Candidate 


Hans Thurnauer, vice-president 4! 
director of research of American La\ 
Corporation, Chattanooga, Tennesse 
has been a member of The Elect 
chemical Society since 1935. Born 
1908 in Nuremberg, Germany, he " 
ceived his engineering degree in chet 
istry from The Charlottenburg |! 


stitute of Technology, Germany, ! 
1930, and received his M.Sc. deyree ! 
ceramic engineering, in this count! 
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om the University of Illinois in 1931. 

| \fter returning to Europe, he worked 
< cerami¢ research engineer in German 

»| British plants until he made his 

»manent residence in the United 

tes in 1935. Since that time he has 
wen connected with the American 
Corporation, manufacturers of 
echnical ceramics. 

Mr. Thurnauer served as a member of 
the Technical Industrial Intelligence 
(ommittee, investigating ceramic plants 
i) Germany after the war. He is the 


Hans THURNAUER 


withor of numerous articles on technical 
eramies and holds various patents in 
this field. He has been active in further- 
ng the interests of the Society in the 


field of technical ceramics both for 
lielectric and high temperature ap- 
n plications. 


International Chemistry 
Congress in Sweden, 1953 


hag The XIIIth International Congress of 

“iM Pure and Applied Chemistry will be 

ec held in Stockholm from July 29th to 

SM August 4th, 1953, and in Uppsala from 
August 5th to 7th, 1953. 

The congress will comprise a Physical 
Chemistry Section with the following 
groups: Chemical Thermodynamics and 

Thermochemistry, Electrochemistry, 

. Surface Chemistry and Colloid Chem- 

ee istry, Chemical Kinetics, and Other 
Fields of Physical Chemistry. There 
will be arranged, also, a Symposium on 
the Chemistry of Wood and Wood 
Constituents, with the following groups: 
Structural Chemistry of Wood Con- 
stituents, The Chemistry of Cellulose 
and Hemicellulose, and The Chemistry 
of Lignin, 


CURRENT AFFAIRS 


Immediately after the congress in 
Stockholm, a Symposium on Macro- 
molecules is to be held in Uppsala. 

Those who would like to present 
papers (of a maximum duration of 
15 minutes) are cordially invited to do 
so and application should be made as 
early as possible. Contributions may be 
presented in any language but it is 
felt that those in English, French, or 
German, and especially those in English, 
will be most readily understood by the 
majority of members. For further in- 
formation and _ particulars write to 
“XIIIth International Congress of Pure 
and Applied Chemistry,”’ Stockholm 70, 
Sweden. 


Scientific Education 
Aided by Industries 


Manufacturing Chemists’ 
Association 


Faced with «a long-range shortage of 
trained manpower, the nation’s chemical 
companies recently were asked by the 
Manufacturing Chemists’ Association 
to launch a drive to get more students 
into the field. As an initial step in the 
program, MCA is sending the com- 
panies copies of a manual outlining 
various student guidance activities. 

Because of the rapid growth of the 
chemical industry, Board Chairman 
William H. Ward stated, there is already 
a shortage in the number of chemists 
and chemical engineers available and 
the increase in students in these fields is 
far slower than the rate of expansion 
by the industry. 

The object of the drive is to inform 
high school students, teachers, and 
parents in every plant community of 
the career opportunities opening up for 
qualified young scientists in industrial 
chemistry and chemical engineering. 
The manual details a series of sugges- 
tions for doing this by plant tours, 
classroom talks, summer employment, 
personal interviews, scholarship pro- 
grams, and other means. 


The necessity of increasing the flow 
of new talent is evident in the dis- 
parity between the industry’s growth 
and the number of graduates now com- 
ing out of colleges, Mr. Ward said. 


Monsanto Chemical Company 


Seventeen undergraduate scholarships 
to be administered by colleges or uni- 
versities are included in the 1952-53 
Monsanto Chemical Company program 
of aid to scientific education, as an- 
nounced by Dr. Carroll A. Hochwalt, 
Monsanto vice-president. Also included 


in the program are 13 graduate tfellow- 
ships, one graduate scholarship, and 
seven grants-in-aid to various schools. 

The undergraduate scholarships, 
which are new to industry, as well as 
to Monsanto’s program this year, have 
been granted chiefly to chemical engi- 
neering schools. They are to be awarded 
to outstanding seniors on the basis of 
merit and will be sufficient to cover 
tuition at the respective schools. 

The Monsanto fellowships are the 
highest form of award, and are expected 
to have an average value of approxi- 
mately $3,000, part of which goes to 
the school while the larger part goes to 
the fellow. Selection of the individual 
recipients is done entirely by the schools. 
Several fellowships or grants-in-aid, 
not included in this general program, 
have been established by Monsanto 
divisions or departments for study in 
specific fields. Lists of the schools where 
the scholarships and fellowships are 
established are obtainable from the 
company. 


Vast Growth Seen in 
Electronics Renewals 


Because of the increasing use of 
electronics equipment, the nation’s 
electronics distributors have been urged 
to prepare now to meet an expanding 
market for renewal electron tubes, 
component parts, and electronic test 
equipment that is expected to reach a 
national sales volume of one billion 
dollars by 1955, and more than two 
billion dollars by 1960. 

Speaking at the convention of the 
National Electronics Distributors As- 
sociation, H. F. Bersche, RCA Victor 
tube executive, emphasized that dis- 
tribution of electronic equipment in 
fields of communications, industry, 
science, and home entertainment is 
proceeding at a tremendous rate of 
growth. 

“To meet the renewal requirements 
of the ‘Electronics Age,’ ’’ he predicted, 
“the electronics distributing industry 
will need, within the next three years, 
to grow two-thirds larger than it is 
today and within the next eight years, 
three and a half times its present size.” 

Leading the national growth in this 
market, Mr. Bersche said, are five 
relatively new electronics developments 
which will have future and major 
influence on the renewal sales market. 
He listed these developments as UHF- 
Television; microwave relay; industrial 
television; and eventually transistors 
and color television. 


321C 
| 
| 
’ 
Pro 
al! 
a 
i 
t 


Weather Research by 
G-E for Navy 


Scientists of the General Electric 
Research Laboratory, Schenectady, plan 
to start a one-year study of long- 
distance weather migrations and cloud 
physies for the Office of Naval Research, 
it has been announced. 

Dr. Irving Langmuir, Nobel prize 
winner and consultant for the G-E 
Research Laboratory, will conduct re- 
search into weather movements over 
long distances. He will extend and 
intensify studies he has made on the 
transcontinental travel of weather sys- 
tems. 

The laboratory study of cloud physics 
will be conducted by Dr. Vincent J. 
Schaefer, who with Dr. Langmuir dis- 
covered methods for producing snow and 
rain from clouds, and with Raymond E. 
Falconer, G-E meteorologist. Initially, 
the study will center around spon- 
taneous formations of ice crystals and 
the role that atmospheric dust plays 
in developing snow crystals. 


Opens Midwest Office 


Arthur D. Little, Inc., Cambridge, 
Mass., has announced the opening of a 
Midwest office located at Railway 
Exchange Building, St. Louis, Missouri. 
John R. Kirkpatrick wiil head the new 
office. 


SECTION NEWS 


India Section 


The India Section of The Electro- 
chemical Society is planning a Sym- 
posium on “Electrolytie Alkali-Chlo- 
rine’ to take place in February 1953. 
The discussion will include the latest 
developments in the types of cells, 
utilization of chlorine, the future of the 
industry, and related subjects. 

* 


The third number (Volume 1, Num- 
ber 3, July 1952) of the Bulletin of the 
India Section of The Electrochemical 
Society has been issued. The Bulletin is 
now published in printed form. 


Elsewhere in India 


The National Metallurgical Labora- 
tory, Jamshedpur, has arranged to 
hold a symposium during January 
1953 on “Industrial Failures of Engi- 
neering Metals and Alloys.” It will 
cover theoretical and practical aspects of 
service failures. 

T. L. Rama Cuar, Regional Editor 


Dr. Taylor Elected 
President of Faraday 


Hugh Scott ~Taylor, dean of “the 
graduate school of Princeton University, 
was elected president of the Faraday 
Society for the year 1952-53, at the 
recent annual meeting of the society 
held in Cambridge, England. 

Dr. Taylor is the first American 
president of the Faraday Society and 
also the first president to be chosen 
from outside Great Britain and Ireland. 
He is a longtime member of The 
Electrochemical Society, having joined 
in 1915. 


S. C. Lind Awarded 
Priestly Medal 


Samuel C. Lind, noted nuclear 
scientist at Oak Ridge, now associated 
with Carbide and Carbon Chemicals 
Company, was the recipient of the 
Priestly Medal, highest award of the 
American Chemical Society, during 
the society’s annual convention at 
Atlantic City, September 14-19. 

Dr. Lind, a former president of The 
Electrochemical Society, received the 
ACS award for “services in chemistry, 
atomic energy, and as an editor and 
worker in the society.”’ Following the 
presentation by Dr. Britton, ACS 
President, Dr. Lind delivered an ac- 
ceptance speech reviewing the progress 
the scientific world has made in nuclear 
energy, and the problems involved in 
this field. 


American Chemical Paint 
Opens West Coast Plant 


The American Chemical Paint Com- 
pany announces that it has acquired 
office and plant facilities on the West 
Coast, located at Niles, California, 
and expects to be operating there in 
November. Present plans include the 
production of metal-working chemicals 
(rust proofing and paint-bonding phos- 
phate coating chemicals, pickling acid 
inhibitors) and agricultural chemicals. 


Change of Address 


The Organie Chemicals Division of 
Monsanto Chemical Company _ has 
moved from 1700 South Second Street 
to a new address at 800 North 12th 
Boulevard, St. Louis, Missouri. 


* * * 


The Auto City Plating Company 
has moved from 3450-3470 Denton 
Avenue to 197 South Waterman, 
Detroit, Michigan. 
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privy assis 
Merritr L. Kasrens has been Mr. | 
pointed assistant to the Directo, 
Stanford Research Institute, Stanfo, DWIGHT 
Calif. Mr. Kastens had been associat nal Bure 
with Chemical and Engineering Nef, Pp. C 
and Industrial & Engineering Chemis | 
since 1946 in San Francisco, Chicagl 
and New York, and was Assoeig 


pet when 


inance 1 


Editor when he resigned in July. g 
Martin H. JOHNSON is now in cha; \fiss C. 
of Pioneering Research, Research ay ivertising 
Development Division, Ray-0-V Advie 
Company, Madison, Wis. He was Vit 
merly chief engineer of Continent; mist, 


Chemical Company, a Ray-O-Vae sy 


A e made 
sidiary, at Salem, Ore. 


prsey . 
Miss H 
G. A. NELSON, manager of in 
Wyandotte Works of Pennsylvania fro 
Manufacturing Company, has bee yy jy 1¢ 


assigned to general engineering ay 
consultative work in connection wit 
Pennsalt’s current expansion and ¢ 
velopment plans. James M. \M 
Wurrrer, formerly the compam 
Southern Works manager, succeeds \ 


Nelson. 
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C. P. Love, Kaiser Aluminum & 
Chemical Corporation, has recent 
been transferred to Tacoma, Was! 
from the Chalmette Works, Cha 
mette, La. 


In Sep 
ected t 
hemical 


JOSEPH SMATKO is on leave of absence 


LAROLD 
from the Department of Chemist Chem 
University of Maryland College Park. \ewa 
Md., and is currently Visiting AssociateM\ 
Professor and Acting Head of t! Prod 
Department of Chemical Engineering J wood 
at the University of California, Lo troni 
Angeles. 

mort 

A. F. Garcia has been transferre Colu 
from the Kaiser Aluminum & Chemica ARK 
Corporation at Tacoma, Wash., to th Cher 


company’s plant at Chalmette, La. 


Irwin Go”pMAN has been appointe: 
assistant to the manager of the Physics 
Laboratories at Sylvania Center, Ba) 
side, N. Y. He sueceeds Howanp > 
Moncron who has been made ad 
ministrative engineer, Radio and Tele 
vision Division, Sylvania Electric Prod 
ucts Ine. 


V. C. Doerscuuk, general manage! 
of the smelting division of Alumuinut 
Company of America since 1935, has 
been made technical consultant, chiely #j— 


er 19MM) 99, No. 11 


aluminum smelting and related 
blems. RayMonp T. Wuuirzet, for- 
ly assistant general manager, suc- 
en Mr. Doerschuk. 


Ctor 

E. Covucn has left the Na- 
Bureau of Standards in Washing- 
| Nef, D. C., to accept a position as 
emisif/™trochemist with the U. 8S. Naval 
hicag@f nance Test Station at China Lake, 


SOC if 


Cc. M. HOKE 


charg iss C. M. Hoke, Chemist and 


h vertising Manager of Jewelers Tech- 
OV) Advice Company, New York, and 
‘S lof ner vice-president and consulting 
nent mist, Hoke, Inc., died on July 13. 
© SU. made her home in Palisade, New 
prsey’. 
Hoke was born in Chicago, 
it inois, in ISS7 and received her A.B. 
from Hunter College in 1908 and 
bee \[, in 1913 from Columbia University. 
chief interest was in industrial 
omistry. She was one of the early 
Hd men members of The Electrochemical 
‘Ve ety, which she joined in 1927. 
an 
Mr 
EW MEMBERS 
m 
ont September 1952 the following were 
‘asl eted to membership in The Electro- 
‘hs hemieal Society : 

Active Members 
C. Department of 
sti Chemistry, University of Delaware, 
‘ark. Newark, Del. (Electric Insulation) 
J. Berein, Sylvania Electric 
the Products, Inc., mailing add: 55 Fen- 


Ting wood Rd., 
Los tronics) 

bun M. Brocuer, Jr., Battelle Me- 
Institute, 505 King Ave., 
Columbus, Ohio (Electrothermics) 


Boston, Mass. (Elee- 


norial 


CURRENT AFFAIRS 


Princeton, N. J. (Electrodeposition, 
Electro-Organic, and Theoretical 
Electrochemistry) 

Davin L. GamBie, New Jersey Zinc 
Company (of Pennsylvania), Tech- 
nical Library, Palmerton, Pa. (Elec- 
trothermics) 

Kennetu R. Hesse, Tel-O-Tube Cor- 
poration of America, 180 Van Riper 
Ave., East Paterson, N. J. (Elec- 
tronics) 

Georce Ipris, Carnegie Institute of 
Technology, mailing add: Whitfield 
Hall, 5050 Forbes St., Pittsburgh, 
Pa. 

Ramon I. Linppere, Sinclair Research 
Laboratories, Inc., Harvey, Ill. (Cor- 
rosion) 

Simon J. Morana, The Beryllium 
Corporation, Box 1462, Reading, Pa. 
(Electronics) 

Faustino G. Prapo, Nickel Processing 
Corporation, mailing add: Nicaro, 
Oriente, Cuba (Battery and Elec- 
trodeposition) 

JosepH M. Suerrey, National Bureau 
of Standards, mailing add: 614 
Nicholson St., N.W., Washington, 
D. C. (Electrodeposition) 

Dimirrios N. Sraicopoutos, E. IL. 
duPont deNemours & Co., mailing 
add: 15 Valley Rd., Apt. 10, Drexel 
Hill, Pa. (Corros sa, Electronics, 
and Theoretical Electrochemistry) 

C. H. Toensine, General Electric 
Company, mailing add: 1331 Chardon 
Rd., Euclid, Ohio (Electronics and 
Electrothermics) 

T. J. Varkey, St. Joseph’s College, 
Bangalore, 8. India (Corrosion, Elee- 


trodeposition, and Industrial Elec- 


trolytic) 
EmanveL Wout, Galvanic Products 
Corporation, mailing add: 3150 


Rochambeau Ave., New York, N. Y. 
(Battery, Electrodeposition, and Elee- 
tronics) 


GWENDOLYN B. Woop, National Bureau 


ie kK KE. Bricker, Department of of Standards, Chemistry Bldg., Rm. 
the Chemistry, Princeton University, 115, Washington, D. C. 

ted 

crs Technical Research Engineer 

ay 

g Experienced man with mechanical and chemical engineering back- 


i requisites. Initial effort will be in the field of high vacuum continuous 
coating. 

- Please send resume to: 

m NATIONAL RESEARCH CORPORATION 

98 70 Memorial Drive Cambridge 42, Massachusetts 


ground. Should have strong bent for converting research results into 
workable industrial equipment; should also be able to carry out essen- 
| tial research in this connection. Versatility and energy are prime 
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Associate Members 


NirkewaL 8. Brrore, % D. C. M. 
Chemical Works, P.O. Box 1211, 
Delhi, India (Industrial Electrolytic) 

James F. Carraner, Cleveland Electric 
Illuminating Co., mailing add: 13301 
Second Ave., East Cleveland, Ohio 
(Electric Insulation) 

Dove as Perry, Louisiana State Uni- 
versity, Box 6229, Baton Rouge, La. 
(Corrosion) 

Apert R. Sawaya, Willard Storage 
Battery Company, mailing add: 2602 
Cedar Ave. #186, Cleveland, Ohio 
(Battery) 

GeorGce Scuiorzer, General Electric 
Company, mailing add: 15510 Hunt- 
mere Ave., Cleveland, Ohio (Elec- 
tronics) 

Kurt H. Stern, Department of Chemis- 
try, Clark University, Worcester, 
Mass. (Theoretical Electrochemistry) 

New D. Vercer, Battelle Memorial 
Institute, 505 King Avenue, Colum- 
bus, Ohio 


LETTER TO THE 
EDITOR 


Electro-osmosis 


Dear Sir: 

Kogoro Murakoshi in his letter pub- 
lished in the September 1952 issue of 
the Journavhas apparently rediscovered 
“Electro-osmosis,” first described by 
Reuss in 1808. He will find this inven- 
tion included under the above name in 
textbooks discussing  electrokinetics. 
References are numerous and include, 
for example: Glasstone, ‘Introduction 
to Electrochemistry,” pp. 521-536; 
Dole, “Experimental and Theoretical 
Electrochemistry,” pp. 454-457; Mac- 
Innes, “The Principles of Electro- 
chemistry,”’ pp. 424-426. 

H. H. Unie 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts 


BOOK REVIEW 


Acips AND Bases—THEIR QUANTITA- 
TIVE BeHaviour by R. P. Bell. Pub- 
lished by Methuen & Co. Ltd., 
London, 1952. vi plus 90 pages, $1.50. 
This little book attempts a difficult 

task, a brief and unified account of some 

of the applications of the subject of 
acids and bases to chemical problems. 

The heart of the work is contained in 

two chapters devoted to the relation 

between molecular structure and acid 


ale 


strength and the nature of acid base 
catalysis. Somewhat more than half of 
the work is a rather wordy review of 
material covered in many other places. 
The result is an overly brief and rather 
less unified treatment than the subject 
deserves. Extension of the work to 
twice the present size with a more 
complete indication of the various 
factors which operate in such systems 
would have increased the value of the 
book many fold. 

As it stands it is difficult to see for 
whom the book has been intended. 
The brevity in the important sections 
prevents recommendation as a _ refer- 
ence work, and as a course text it suf- 
fers from the fact that the level of 
treatment is not consistently main- 
tained, the second half of the work as- 
suming considerably more chemical 
and physical background than the first. 

J. F. Dewatp 


RECENT PATENTS 


Selected for electrochemists by Fred. 
W. Dodson, Chairman of the Patent 
Committee, from the Official Gazette. 


July 29, 1952 

Gibbs, T. B., Dinerstein, 8., and Gil- 
man, G. W., 2,605,218, Electrolytic 
Method and Apparatus for the Man- 
ufacture of Tapered Conductors 

Jacobson, H., 2,605,219, Preparation of 
Radioactive Bromine 

Fonda, G. R., 2,605,227, Cadmium 
Phosphate Phosphors 

Bodey, C. E., 2,605,296, Thermoelec- 
tric Generator and Casing Therefor 

Dean, R. 8., 2,605,297, Electrode for 
Electrical Systems 

Marsal, P. A., 2,605,298, Dry Cell 

Teas, J. P., 2,605,299, Primary Galvanic 
Cell 

Shirland, F. A., Jr., 2,605,300, Graphite 
Molding Composition 


August 5, 1952 

Chester, A. E., 2,606,147, Electrodep- 
osition of Arsenic 

Portanova, M. J., and Rosinger, A., 
2,606,148, Process for Electrolytic 
Preparation of Vanadium Oxide 

Lamb, A. H., 2,606,215, Encased and 
Hermetically Sealed Photocell 


August 12, 1952 
Neish, R. A., 2,606,866, ..x«ethod of 
Treating Tin Plate 
Pianfetti, J. A., and Timmerman, R. W., 
2,606,867, Gaseous Phase Photo- 
halogenation of Hydrocarbons 
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Alquist, F. N., and Kauer, K. C., 
2,606,868, Photochemical Prepara- 
tion of the Delta Isomer of Benzene 
Hexachloride 

Perret-Bit, R. J., 2,606,869, Electrolytic 
Cell 

Ruben, 8., 2,606,941, Primary Cell and 
Battery 

Bonin, P. G., 2,606,942, Dry Battery 

Roy, J. A., and Ives, R. 8., 2,607,014, 
Electric Gaseous Discharge Device 


LITERATURE 
FROM INDUSTRY 


LupRIcATION Process FoR CoLp 
Exrrusion. Described and illustrated 
in an 8-page booklet is a new phosphate 
coating and lubricating process which 
makes possible the cold extrusion and 
forming of both carbon and _ stainless 
steels. Detrex Corp. P-72 


Moror Speep Contrrois. New bul- 
letin ,deseribes in detail all of the 
Variac* motor speed controls. Tech- 
nical information including speed-torque 
curves and typical applications is given 
on all models. General Radio Co. 

* Registered trademark. P-73 

Barrery Power ReGuiaror. A new 
battery power regulator assures sus- 
tained accuracy and minimum battery 
maintenance when making measure- 
ments with company’s Model DU 
Spectrophotometers. Permits precise 
control in regulating the charging unit 
so that the battery can be supplied 
with the exact amount of current needed 
for operating the instrument. Bulletin 
giving complete details, on request. 
Beckman Instruments, Inc. P-74 


LaporatTory Waste RecEPTACLES. 
In this foot-operated waste receptacle 
for laboratory use, the door is opened 
quickly and easily by foot pedal action 
(even when both hands are fully oc- 
cupied) for immediate disposal of soiled 
filter paper, discarded glass slides, ma- 
terial samples, etc. When released, the 
door closes practically air-tight, eli- 
minating offensive odors. Write for 
further information. United Metal Box 
Co., Ine. P-75 


CHeMICAL PRoPORTIONING Pumps. 
Fully described in bulletin is a new 
chemical proportioning pump having 
these outstanding features: displace- 
ment of all liquid in the cylinder at 
every stroke, with stroke adjustable 
while the pump is running. Other im- 
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portant features listed. Ame ican | 
strument Co., Ine. 


MerroGraM BALANce. Metrograg 
a new high-capacity precision weighiq 
instrument, is described in illustrat 
booklet. For testing, counting, eo; 
pounding, laboratory industyj 
weighing. Arthur 8S. La Pine & (» 


X-Ray Specrrometrry. New 4-pa 
folder titled “X-Ray Techniques (; 
Help You Solve Your Materials Pro 
lems” contains a technical article th 
describes x-ray spectrometry with aut 
matic chart recording as an importa 
tool for solving today’s materials prof 
lems. Illustrated with drawings, chart 
and photos. North American Philif 
Company, Ine. P 


PEROXYGEN COMPOUNDS FOR 
ING Surraces. The vario 
possibilities for use are ortlined in 
new bulletin. Included are: treatme: 
to improve the adherence of finishes 
metal surfaces, to improve the aj 
pearance of finished articles, and ¢ 
facilitate certain plating operatior 
Four general types of procedures a 
covered. Becco Sales Corp 

Pj 


LABORATORY Glass vol 
metric apparatus and other scienti! 
equipment are described in the publi 
tion “Announcer,” free on  reques 
Eberbach & Son Co. P 


To receive further information 
on any product or process listed 
here send inquiry, with key num- 
ber, to JOURNAL of The Electro- 
chemical Society, 235 West 102nd 
Street, New York 25, N. Y. 


Please print your name and ad- 
dress plainly. 


EMPLOYMENT 
SITUATION 


Please address replies to box show! 
The Electrochemical Society, 
235 W. 102nd St., New York 25, N. } 


Position Wanted 


Ph.D., industrj 
experience in deposition, 
analytical instrumentation. Present sul 
ary $6500. Desires position in industry 
Available in 15-30 days. Reply to Bo 
350. 
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What Do We Mean by “Theoretical” 


One often hears the expression, ‘“That’s all right in theory, 


but it doesn’t work out in practice,” or one of its many equivalents. In some 
environments, to call a man ‘‘theoretical”’ is a term of abuse. It, therefore, seems 
worthwhile, at the beginning of an issue of this JouRNAL which is under the 
auspices of the Division of Theoretical Electrochemistry, to discuss just what 
we mean by the term and, in particular, why it should have unpleasant over- 
tones. 

Actually, the most practical man uses theories. He may take a bus rather than 
go into the subway on the theory, i. e., a nonprovable supposition, that the bus 
will get him home quicker. Theories are our guides in a complicated world, so 
that our actions are not complete anarchy. In scientific research they help to 
direct our thought and our selection of experiments. They are “good” or ‘‘bad”’ 
depending upon whether they help or hinder our efforts to utilize nature for our 
own purposes. Applied, not-yet-applied, and nonapplicable scientific conclusions 
are all based on theories. The real opposition is not between ‘“‘theoretical’’ and 
“applied” research, but between, as Dr. Conant puts it, “‘programmatic’’ and 
“uncommitted” investigations. Programmatic research is directed toward fore- 
seeable, and usually immediately usable, ends. The investigator carrying out 
uncommitted research follows where his interest (and his theories) lead. It is a 
truism to say that many of the great industries that have transformed our world 
were based originally on researches of the latter type. 

What then is the basis for the common derogatory use of the term ‘‘theo- 
retical’? In some cases theories may not be helpful. Mostly the antagonism seems 
to be due to a more or less conscious recognition of the lag between the time of 
obtaining new scientific results and their being integrated into thought and 
practice. Attempts to catch up with, or even to understand, the newer results 
ean be laborious and painful. The adapting of new ideas and processes to the 
current procedures is usually costly and time-consuming. It is much less taxing 
to the gray matter to dismiss the new developments with the epithet ‘“theo- 
retical’’ and to let someone else do the thinking and make the applications of the 
new results. 

However, the utility and importance of uncommitted or basic research has 
become, in recent years, more and more evident to everybody, with the result 
that such research is, at long last, getting encouraging support and endowment. 
The lag between discovery and application is shortening until in some fields it 
hardly exists. 

The question remains as to whether “theoretical’’ is the best term to describe 
the interests of this division. Maybe ‘exploratory’ or “pioneering’’ would be 
better. However, the old term will probably stick, for a while at least. 

—D. A. MacINnneEs 
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This method has proved successful in combating corrosion in under- pane. 
ground pipe lines, tanks and industrial equipment. Now it is being | _ p certi 
used, for the first time on a large American commercial vessel, by Dow a hae ae ae Mandar 
on the “Marine Chemist,” the 13,000 ton leased tanker which trans- loget he 


Costly hull corrosion is now being controlled by an electrochemical 
method . . . cathodic protection. 


ports chemicals from Dow’s Freeport, Texas plant to the east coast. The 

Hull corrosion results from small electric currents flowing through the being installed on the “Marine ® * 

sea from the more active to the less active parts of the hull, removing Chemist,” are about 20 inches in inet 

particles of metal from the active areas. This is prevented by trans- a> or — 60 Ibs. They were erm 

ferring the current flow, and that’s where cathodic protection comes in. nd th 
Magnesium anodes are installed on the sides of the ship’s hull. Mag- . a : 

nesium, a very active metal, becomes the most active area of the ship's a er 

hull, and current flows from it instead of the steel hull. Only the anodes, 
which can be inexpensively replaced, are corroded. F ae Hipple 

wale, 

Dow’s work in the development of cathodic protection is but one out- ‘ D OW - a 

: standing contribution of Dow, a producer of over 600 chemicals for ad ou Py ‘th 
| industry and agriculture, in the field of electrochemistry. 4 ae . 

orrel: 

CHEMICALS 
THE DOW CHEMICAL COMPANY «+ MIDLAND, MICHIGAN 

INDISPENSABLE TO INDUSTRY tle 
ag AND AGRICULTURE ive | 
330C' 'N 


3 
5 
| 


FIFTY YEARS OF ELECTROCHEMICAL THEORY 


Walter J. Hamer' 


iy many ways theoretical electrochemistry began with the 
of Michael #araday (1). His experiments on the con- 
tion of an electric current through solutions demonstrated 
the first time the existence of discrete particles of elec- 
ty, gave birth to the concept of atomic electricity, and 
ted the development of theories of atomic structure. Today 
believe that all matter is entirely electrical in nature and 
x we may venture to say that all chemistry is in reality 
wtrochemistry . 
furaday’s laws are exact ones. His first law formed the 
xis of the international definition of the ampere during 
last part of the nineteenth century and up to January 1, 
48 of the present one. The international ampere was de- 
al as the quantity of electricity which flowing for one 
«nd would cause the deposition of 1.11800 milligrams of 
er from a solution of a silver salt. Accurate va'ues of the 
day in terms of the international definition were de- 
pmined in 1914 by Vinal and Bates (2) using a standard 
» of silver coulometer, and by Washburn and Bates (3) 
12 using an iodine coulometer. Studies of the deviations 
electrode processes from Faraday’s laws have served to 
vidate mechanisms and to promulgate theories regarding 
wesses that occur at electrode-electrolyte interfaces. 
On January 1, 1948 the United States and other countries 
at over from international to absolute electrical units. 
then this conversion was effected, the ampere was defined 
nterms of the foree produced by the current in a current 
lance (4) and no longer in terms of the weight of silver de- 
wsited in a coulometer in a given time. Nevertheless, the 
day constant remains one of the most important electro- 
hemical constants. 
In the past few years, new values of the faraday have been 
termined by two novel methods. Craig and Hoffman (5) 
vised what may be called an “oxalate coulometer” in which 
ulate ion is anodically oxidized at gold electrodes to carbon 
lioxide. As a supply for oxalate ion, they used sodium oxalate 
pleertified purity and which is used as an oxidation-reduction 
Mandard. Thus, Craig and Hoffman’s determinations brought 
gether chemical and electrical standards. Sommer and 
lipple (6) have recently devised a method whereby the 
niday is determined by a purely physical method. They used 
1 instrument called the omegatron wherein the faraday is 
elermined in terms of the gyromagnetic ratio of the proton 
il the eyelotron resonance frequency of an ion whose iso- 
pie weight is known, both frequencies measured in the same 
agnetic field. Craig and Hoffman obtained a value of 96492 
solute coulombs per gram equivalent and Sommer and 
llipple a value of 96497, both expressed on the chemical 
vale. Thus, we see that electrochemical and physical de- 
trminations of the faraday are in substantial agreement, 
‘ith all the attendant significance that may be placed in the 
wrelation of other universal constants (7), particularly 
\vogadro’s number and the electronic charge. Thus, the 
‘le has been completed: electrochemical determinations 
we been tied in with chemical standards and with atomic 
veno;nena. It is to be expected that many more correlations 


x 


‘N> tional Bureau of Standards, Washington, D. C 
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of fundamental constants will be forthcoming in the future 
as new methods are devised and older methods are perfected. 

It is the consensus, however, that electrochemical theory 
had its beginning with the postulation of the electrolytic dis- 
sociation theory by Arrhenius (8) in 1887 and the work of 
van’t Hoff and Ostwald who in the same year founded the 
Zeitschrift fir physikalische Chemie. These three with their 
contemporaries are credited with the founding of modern 
electrochemistry and with the laying of the foundation of 
classical physical chemistry as a separate and primary divi- 
sion of chemistry. It is for this reason that theoretical electro- 
chemistry is frequently considered to deal primarily with 
electrolytes. It is also for this reason that the major portion 
of this discourse will be devoted to electrolytes. Other phases 
of theoretical electrochemistry are the subject of other papers 
in this anniversary issue of the JourNAL. 


Early History of Electrolytes 


Arrhenius postulated that the molecules of salts, acids, and 
bases which give solutions that conduct an electric current 
are partially dissociated into “free ions.”” He further postu- 
lated that these ions had no influence on each other and that 
their existence did not depend on an applied potential gradi- 
ent. In the same year van’t Hoff (9) made the monumental 
discovery that solutions which readily conduct an electric 
current possess colligative properties (freezing points, boil- 
ing points, osmotic pressures, vapor pressures) that are dis- 
tinct from those solutions which do not readily conduct an 
electric current and therefore belong to a special class of 
systems. He also realized that a study of these systems was a 
branch of thermodynamics and made the first specialized 
application of thermodynamics to the subject. He showed 
that there exists an analogy between the osmotic pressure of 
a dilute solution and the gaseous pressure that the solute 
would exert if it existed in the form of a gas in the volume 
occupied by the solution. 

Ostwald (10) a year later showed that some of these solu- 
tions obeyed a “dilution law,” namely that the concentrations 
of the dissociated and undissociated molecules were in a 
ratio which was constant and independent of the stoichio- 
metric concentration of the system. Following the proposal 
of Arrhenius, the degree of dissociation was considered to be 
given by the ratio of the equivalent conductance, A, of the 
solution at a particular concentration to the equivalent con- 
ductance at infinite dilution, A,, where the electrolyte was 
considered to be completely ionized. Ostwald and van’t 
Hoff’s treatments, however, lacked generality and an exact- 
ness which could have been possible had they been familiar 
with the thermodynamics developed by Gibbs (11) in the 
United States ten years earlier. 

Also, during this time, Nernst contributed to practically 
all phases of electrochemistry. He derived his well-known 
equation for electrode potentials as a function of concentra- 
tion, assuming that a metal or gas possessed a tendency to 
pass from the atomic to ionic state which tendency he called 
the electrolytic solution pressure of the metal or gas (12). 
He also considered that the ions followed the analogy between 
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osmotic pressure and gaseous pressure depicted by van’t 
Hoff. Kohlrausch made extensive measurements of electro- 
lytic conductivity, Hittorf continued his experiments on 
ionic mobility which he had started much earlier, Raoult 
(13) presented his famous law on vapor-pressure lowering, 
and Lorenz (14) contributed much to our knowledge of the 
state of ionic fluids. This group of workers was also adept at 
experimental techniques and the accuracy of their results was 
such that they were able to propose rules or laws now known 
to be substantially correet. Kohlrausch and Heydweiller (15) 
succeeded in making water of extremely high purity. Kohl- 
rausch (16) predicted the square-root law of electrolytic con- 
ductivity shown many years later to be of the correct form 
by Onsager (17). He postulated the law of independent migra- 
tion of ions. With Holborn and Dieselhorst, he (18) recom- 
mended values for the equivalent conductance of standard 
KCI solutions for the calibration of conductivity cells which 
compare favorably with those recommended 35 years later 
by Jones and Bradshaw (19). 

Thus, at the turn of the century the theory of electrolytic 
dissociation was well entrenched. Both thermodynamic studies 
and electrical measurements tended to confirm the theory. 
Nevertheless, the theory was not universally accepted im- 
mediately without much argument. Kahlenberg (20) in ad- 
dressing this Society at its first meeting in 1902, or 15 years 
after the advent of the theory stated that “the facts that 
flatly contradict the (Arrhenius) hypothesis are now so nu- 
merous that its doom is sealed.’’ He based his views largely 
on the behavior of ampholytes, which were known to have 
colligative properties characteristic of electrolytes but con- 
ductivities which were typical of nonelectrolytes, and on soap 
solutions for which the reverse is true. Kahlenberg’s views 
probably would have been different if Adams (21) and Bjerrum 
(22) had not waited until 1916 and 1923, respectively, to 
present their theories on “‘zwitterions” or hybrid ions and if 
the concept of “micelle” formation (23) had been known in 
1902. Kahlenberg was also disturbed by the lack of correla- 
tion between the behavior of aqueous and nonaqueous sys- 
tems, but in this, too, explanations came later in the Brgnsted- 
Lowry theory of acids and bases (24, 25), which does much 
to correlate behavior in different solvents and in the Debye- 
Hiickel (26) theory of interionic attraction, which shows the 
influence of dielectric constant on ionic behavior. 

In 1908, Hering (27) inquired ‘what will happen if there 
are no electrodes to give ions their charge? Is the carrying of 
the charges by the ions the general and universal law, or is 
it only the law for the special case in which electrodes are 
used? Is it a primary action, or is it merely a consequential 
one due to the use of electrodes?’’ On the other hand, Ban- 
croft (28) stated “since a theory can only be displaced by 
another theory, the electrolytic dissociation theory will hold 
the field until a better one is brought forward.” One suspects, 
however, that the great debate that ensued on the electro- 
lytic dissociation theory involved a certain amount of mis- 
understanding. It is not clear whether the opponents of the 
theory denied the existence of ions or whether they in reality 
opposed the second postulate of Arrhenius that oppositely 
charged ions had no influence on each other. In any case the 
problem has been resolved, although we still speak of Arrhe- 
nius’ hypothesis as the “electrolytic dissociation theory” and 
not as the “electrolytic dissociation law.” 

Another argument that the proponents of the dissociation 
theory had to face was that there were certain anomalies in 
the degree of dissociation as determined by the Arrhenius’ 
ratio, A/A,, and certain deviations from Ostwald’s dilution 
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law that seemed difficult to explain (29). Their u Jed yation 
main conclusions. First, values of the degree of lissocigt tod EXIM 


of electrolytes fell into two distinct groups, son.e high epts of 
some low instead of a wide dispersion in values. Second. gibt none! 
types of electrolytes followed Ostwald’s law; others diq ea), acl leg 
Attempts to reconcile these observations were large|y empir eriments 
and unsatisfactory. It is true that many felt that “ele:filMtapolates 
static forces’”’ were responsible for the anomalies but g alectroly 
factory solution of such forces was not immediately {oil lata. 
coming. Noyes (30) was the first to suggest that electro) entrati 


must be classed into two groups: those completely degree 


into ions at all concentrations (strong electrolytes) and thdilietrolyte | 
incompletely dissociated (weak electrolytes). Bjerrum (3ftatic fe 
Sutherland (32), and Lewis (33) shortly thereafter concuy dated. 
in this classification which is now universally accepted, 7 "isa! 
x-ray studies of Bragg (34) and others on the structyy proton 
crystals of the NaCl type, whereby it was proven that | nelusi 
crystals consist of ions in a lattice and that no molecules ie questio 
present, was probably greatly responsible for the final en, the | 
ceptance of the idea that certain salts, when dissolved Hip hydrog 
water, were completely ionized at all concentrations and ,@, water 
merely at infinite dilution. Also, that electrostatic {oiiiy) at a 
between charged ions are responsible for the stability offi carry 
crystal has been established on the magnitude of the spaffiilerstan 
lattice energy by calculations of Born, Fajans, Madelyfippye ans 
and Debye and Scherrer (35). 4 answe 

Accepting the view that electrolytes fell into two growl Various 
solved one problem, namely, why certain compounds did nfinite 
obey the Ostwald dilution law which involves the concent the cor 
tions of dissociated and undissociated molecules. It did thm, an 
solve, however, the question why the equivalent conducta: tion. V 
of strong electrolytes decreased with increases in the cone ch we 
tration of the solution. 

Views on these problems were many and varied. It \ 
thought or suggested that the observed variations in cond 
tivity were due to changes in viscosity of the medium, | 
“ion hydration,” to increased ionization of the solvent 
addition of the salt, to complex-ion formation, to changes 
the ionizing power of the medium, and to other factors (3 
That viscosity had or should have an influence on elect ere N, 
lytic conductivity was believed for a long time (37, 38). Igj™p COD 
1906, Walden (39) stated that the product of the limit In add 
equivalent conductance of an electrolyte and the viscosit) ondu 
the solvent should be a constant, and presented data in sulggjp® OM 
stantiation. He was led to this view on the basis that 1! ethe a 
infinite dilution separate ions move independently, then they" bel 
motion should depend only on their nature and on the fj’ of 
vent. Kraus and Bray (40) showed that this relation was nq © 
followed aecurately. Some felt that the relation was to tain 
expected in light of Stokes’ law, but would not be expecte ntal t 
to hold completely unless the ions existed as spheres. i Hi 

The question of “ion hydration’? was considered at 
length in the early years of this century. One famous se sh { 
tist tried to explain all deviations from ideality by a “hydr lem 
tion theory” but it was later shown that more water had (qj M 
be adsorbed by the ions than was actually present in the solute 
tion. A popular method to determine “ion hydration” was (qi dic 
conduct experiments on ion transport using solutions Hi 
taining an inert nonelectrolyte which was considered not (qos! 
migrate under a potential gradient. This idea was first sua sol 
gested by Nernst (41) and extensively studied by many (4 eral 
In this method, no absolute value of the extent of hy drasot lat 
of an ionic species is attainable but by assuming the amouni \0™ 
of hydration for a reference, for example the hydroyen io! elect 


Washburn was able to construct a table giving the degree me 
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tion of various ions. However, Longsworth (43) con- 
cigtilieted experiments in 1947 that have thrown doubt on our 


rh epts of “ion hydration.” He used a series of supposedly 
| soit nonelectrolytes (raffinose, mannitol, resorcinol, and 
id ). added these to electrolytes and conducted transference 
viments by the technique of moving boundaries, and 
‘leet rmpolated the data in each case to zero concentration of 
a electrolyte. He did not, however, obtain convergence of 
fori, data. In other words, in the limit of zero nonelectrolyte 
rol entration he was unable to obtain unequivocal values of 
icine degree of hydration of any ion. Therefore, either the non- 
| thdlli/trolyte moves or is carried by the ion, or affects the elec- 
1 (fitatic forces between the ions in some fashion not yet 
Cunfiiedated. In any case, it would appear that “ion hydra- 
1. 1” is a misnomer. One wonders why so many insist that 
ure proton exists in water as the hydronium ion, H,0*, when 
at nelusive proof of this has been presented. To the follow- 
les iy question from H. 8. Taylor (44) in 1927, “To summarize 
il den, the present status of the hydration problem, it is this: 
ved fie hydrogen ion is probably hydrated; it is apparently buried 
id a water molecule; the other ions are not hydrated (chemi- 
fordi/|ly) at all, but are surrounded by oriented water molecules 
y off carry these with them when they move. Is that a correct 
sp erstanding of the picture at the present time.” Peter 


answered, “Yes.’’ Today, Longsworth would probably 
answer, ‘“Yes.”’ 


VOU! Various equations were proposed for use in extrapolations 
id nfinite dilution to obtain A,. Some used the square root 
ent the concentration, others the cube root, others the loga- 
( thm, and still others some complex function of the concen- 
bal tion. Various dilution law equations were proposed, among 
smiee ch we may list: 
ty coe?/(l —a) =K 
ni co®/(1 — a) — k(ca)" = K 
a co?/(1 — a) — — = K 
log AZ/Ao(Ao — A) — k(cA/A.)* = K 
ct ere n, k, p, and h were empirical constants, A the dissocia- 
) [eon constant (45, 46, 47, 48), and a = A/A,. 
sit In addition to the above explanations for the variations 
ity onductance and the dissociation constant with electro- 
-culffmgte concentration other explanations were presented, includ- 
if g the attempts to correct for the deviations of the ions from 
them“eir behavior based on the analogy with the gas laws. In 
Ds ny of these attempts, references to ‘electrostatic effects’’ 
$1 to “electrical forces which come into play in a medium 
0 taining charged particles” (36) were seen, but a funda- 
act ital treatment of them was lacking until 1923 when Debye 
| Hiickel (26) presented their important paper on the 
yremecory of interionic attraction. Van Laar (49), Hertz (50), 
ci sh (51), and Milner (52) previously had recognized the 
vdem@™blem of coulombic forces in solutions of electrolytes but 
ul @’'y Milner visualized the problem correctly. However, his 
solu™”tment was involved, required graphical approximations, 
as a! did not yield an entirely satisfactory solution. Debye 
com™™( Hiickel’s treatment, interestingly enough, included the 
it tPcosity factor discussed above, the dielectric constant of 
sug@@e’ solvent, the concentration, and the temperature, and 
(42 eral universal constants. It served to correlate the mass 
io’ lata available at the time of its presentation. 
oui Concurrently, with these developments in the treatment 
iota Clectrostatie forces and with extensive studies of electro- 
¢ ie conductivity, numerous attempts were made to develop 
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a system of solution thermodynamics which would be exact 
and sufficiently simple to reduce numerical computations to 
a minimum. Of these, the one devised by G. N. Lewis (53) 
proved to be the most satisfactory and has been universally 
adopted. Certainly, the work of Lewis and his associates from 
1912 to 1928 served to crystallize and integrate the theoretical 
and experimental parts of solution thermodynamics into an 
exact science. In this development it was shown conclusively 
that the phenomena responsible for the lowering of vapor 
pressure, depression of the freezing point, or variation of 
electromotive force with dilution are the same. 

Also, in this work much use was made of galvanic cells 
to obtain heats and free energies of formation, reaction, 
transfer, or dilution. Among many, one series of studies on 
galvanic cells was of outstanding importance, and was one 
in which electrochemists may take pride. In 1903, T. W. 
Richards (54) from the study of many types of galvanic cells 
over * wide range of temperatures observed that AH, the 
heat of reaction, and AF, the change in free energy, ap- 
proached each other in value as the temperature was lowered. 
Shortly thereafter, Nernst (55) »nnounced his “heat theorem” 
which may be stated as—for any reaction in a condensed 
system values of 6(AH)/6T and 6(AF)/5T become zero in 
numerical value at the absolute zero, from which it follows 
that AC, and AS are also zero at the absolute zero of tempera- 
ture. In 1912 Planck (56) generalized the Nernst heat theorem 
by postulating that the entropy of a pure solid or pure liquid 
is zero at absolute zero. This statement forms the basis of 
what is known as the third law of thermodynamics. Thus we 
see that there is every reason to believe that it was electro- 
chemical investigations that led to this important law. 

During the past fifty years, therefore, we may say that the 
development of thermodynamics of electrolytes and the treat- 
ment of the electrostatic forces inherent in all electrolytes 
were of profound importance in that they stimulated scien- 
tific thought and influenced the direction of scientific research. 
Application of the principles inherent in both were applied 
to electrode reactions and electrolytic processes. Accordingly, 
we shall consider each further. 


Thermodynamics and Electrolytes 


Lewis’ system of thermodynamics was implicit in the work 
of J. Willard Gibbs but Lewis succeeded in simplifying the 
procedures. He also introduced two new concepts for con- 
densed systems, namely, the activity and activity coefficient 
which he related to the free energy of the components of a 
solution. 

For closed systems in which no matter is added or with- 
drawn thermodynamies give: 


dE = TdS — pdV (I) 


where E is energy, T the absolute temperature, S the en- 
tropy, p the pressure, and V the volume. For an open system 
to which matter may be added or withdrawn (for example, 
addition of a salt to water or removal of water from a salt 
solution by evaporation) Gibbs gave: 


dE = TdS — pdV + padny + + (II) 


where n represents the number of moles of component A, B, 
etc., represented by subscripts and the p’s represent the 
Gibbs’ “chemical potentials” of the various components. 
Since from thermodynamical considerations, F = E — TS + 
pV, H = E + pV and A = E — TS (F = free energy, 
He = heat content, and A = work content), the Gibbs’ 


rt 
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“chemical potentials” for component A, for example, may be 
defined in a multiplicity of ways as follows: 
Ma = (dE /dn,)s. = (dH /dn4)s, 


= (dA/dna)r,v.n’ = (dF /dn 4) 1. (II) 


where n’ represents the constancy of all components except 
component A. Thus, Gibbs’ “chemical potential’ could be 
expressed in various ways depending on what conditions are 
held constant during an experimental measurement. Lewis 
chose the last equality (or definition) in his definition of 
activity. This was a natural and logical choice because we 
can easily design experiments wherein the temperature and 
pressure are maintained constant. We all realize that it is 
inconvenient to conduct experiments at constant volume 
and temperature, under which conditions the third equality 
of equation (IIT) would apply; and it is indeed difficult to 
conceive of ways to conduct experiments either at constant 
entropy and pressure (second e quality) or at constant entropy 
and volume (first equality). 

Lewis proposed the symbol /’, for Gibbs’ chemical potential 
defined as (dF’/dn,4)r.p.n° where Ff’, is the partial molal free 
energy of component A in a system composed of n components. 
Similar partial molal free energies may be represented for 
other components of the solution. As absolute free energies 
or partial free energies cannot be obtained, Lewis defined 
activity by the equation: 


— = RT Inag (IV) 


where F*, is the partial molal free energy of a component A 
in some arbitrary standard state. The standard state is 
chosen so that the ratio between the activity and the con- 
centration is equal to unity at infinite dilution where the laws 
of ideal solutions are obeyed. Lewis called this ratio the activ- 
ity coefficient, f,, thus a, = Naf, and it gives a measure of 
the deviations of solutions from ideality and would include 
the magnitude of all effects that lead to these deviations. 
Concentration units other than mole fraction n could also be 
used in this definition. In that case, the activity coefficients 
would have different values (57). 

As electroneutrality must prevail in electrolytic solutions, 
the activity of a salt that ionized into v, cations and v_ 
anions is given by: 


Therefore, for a salt solution, its mean activity, az, would be 
given by: 


Fy, FS = vRT ay (VI) 


where vy 

We would also have an expression similar to equation (IV) 
for the solvent in the salt solution. If we let the subscript | 
denote solvent and the subscript 2 denote solute, the rela- 
tion between the activity of the solvent and the solute is 
given by the Gibbs-Duhem equation which may be expressed 
in the form: 


_falna In a 
N = —N 
( an, 2 ( aN, (VII) 


where \V represents mole fraction. Thus, we can calculate the 
activity and thence the activity coefficient of a solute from 
either its own escaping tendency or from that of the solvent 
in which it is dissolved. 

During the past 25 years a number of experimental methods 
have been developed or perfected for the accurate determina- 
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tion of activity coefficients. These are based on: (.:) free, 
point depression, (6) boiling-point elevation, (c) apor-p 
sure lowering, (d) isopiestic or vapor-pressure eq tilibrati 
(e) emf of galvanic cells without liquid junction, (f) tray 
ference numbers and emf of galvanic cells with liquid jur 
tion, and (g) solubility. The first four involve measureme 
of the escaping tendency of the solvent and the subseque 
evaluation of the solute activity through the Gibbs-Dy), 
equation. The last three give a direct measure of the « 
activity. The solubility method (58) is generally applica 
only to sparingly soluble salts and therefore is infrequent 
used. 

The freezing-point method has been perfected by Seatel 
and associates (59) and the boiling-point method by R 
Smith (60). The latter method is more difficult experiment 
and the molal boiling-point elevation is less than the , 
responding freezing-point depression. Even so, Smith 
ployed the method with remarkable success. By varving tf 
external pressure he was able to vary the boiling point 
thereby obtain data over a considerable temperature rm 
from that of the normal boiling point. The freezing-poit 
method has the disadvantage that it can yield data on} 
the freezing point. However, data at other temperatures ; 
be calculated providing the relative partial molal heat ¢ 
tents of the solutions are known. In recent years, Robins 
(61) and Gueker (62) and their associates have contribu 
such data to the literature. 

The vapor pressure method is experimentally difficult 
use when high accuracy is desired. For static measureme: 
all permanent gases must be removed from the vapor ph 
Even so, Shankman and Gordon (63) used the method » 
success to determine the activity coefficients of sulfuric aci 
The method is not an independent one. Since measureme 
cannot be made with sufficient accuracy for dilute soluti 
to permit extrapolation to the standard state (infinite 
tion) an activity coefficient determined by some other met! 
must be chosen for a particular concentration (preferab 
dilute) and used in lieu of extrapolation. Thus, Shankme 
and Gordon employed the value for the activity coeffici 
of 0.1 molal H.SO, obtained from measurements of galva 
cells without liquid junction by Harned and Hamer (( 
The dynamic vapor-pressure method has not yet been 
veloped to a high state of precision although Bechtold an 
Newton (65) developed an automatically controlled dynan 
method that gave qualitative results. 

The isopiestic method was developed by Robinson and | 
associates (66). In this method the vapor pressure of ¢! 
solvent over a solution of unknown activity is compared 
matched against that of a solution of known activity, where! 
isopiestic or isotonic solutions are obtained having the sa! 
activity. Obviously, this is a relative method, as the activit 
of the reference solution must be determined by anothi 
method. It is, however, a convenient method and idea 
suited to concentrated solutions. In fact, Scatchard, Ham 
and Wood (67) used the method to determine accurate val! 
of the solubility of highly soluble salts, such as KCI and Nat 
A method involving measurements of vapor pressure throug 
bithermal equilibration in the vapor phase, proposed ! 
Stokes (68), has not been tested sufficiently to warr! 
classifying it as a precision method. 

Galvanic cells without liquid junction have probally bee 
used more than the other methods for the determin «tio! 
activity coefficients, because they are relatively casy ' 
assemble, may be used at low and high concentrations, ! 
be applied over a wide range of temperatures, an giv 
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et measure of the activity coefficient of the solute. It is 
» that for dilute solutions gases must be excluded and 
sections for electrode solubility must be made if accurate 
es of activity coefficients are desired. This method has 
Hon used by many, especially Harned and his students (69). 
fhe method for obtaining activity coefficients from cells 
ith liquid junetion was devised by MacInnes and his associ- 
ws (70). In this method cells of the type: 


Ag, AgCl | NaCl (e:).| NaCl (es) | AgCl, Ag 


.ysed. A liquid junction exists between the two solutions 

NaCl of different concentration. For cells of this type the 
bnf is given by 

2RT 

, 


2 
| T. dina (VIII) 

jere the integration extends from concentrations {I| to 
|. To obtain values of ay by this method, accurate values 

T,, the transference number, are needed, and such are 
lable from the work of Longsworth and MacInnes (71). 
This method is especially well adapted to dilute solutions. 
These methods have been extensively used to obtain the 
tivity coefficients of strong electrolytes over a wide range 

temperature and concentration. That these quantities 
evaluable is attested to by the fact that Kortiim and Bock- 
: (72) in their book on “Electrochemistry” have devoted 
r pages to tables giving numerical values of activity coeffi- 
ents; Harned and Owen (69) in their book on ‘“‘The Physical 
emistry of Electrolytic Solutions’? devoted 32 pages to 
this purpose. 

Whereas the thermodynamies of strong electrolytes is de- 
ymined by various methods, electrochemical methods are 
nmarily used in studying the characteristics of weak electro- 
tes. This is because weak electrolytes are only partially 
sociated into ions and accurate methods must be used to 
eermine the extent of this dissociation. Electrochemical 
ethods serve this purpose. In 1932 two electrochemical 
ethods were devised for accurate determinations of ioniza- 
ton constants: the conductivity method of MacInnes and 
s associates (73), and the electromotive-force method of 
Harned and his students (74). These two methods were ini- 
tully applied to the determination of the ionization constant 
‘acetic acid at 25°C. Agreement as to vaiue was remarkable. 
larned and Ehlers obtained 1.754 x 10-5; MacInnes and 
‘iedlovsky 1.758 x 10>°. 

In his method, MacInnes used as a degree of dissociation 
\ A, instead of A/A, as done by Arrhenius, where A is the 
juivalent conductance at concentration c and A, is the 
juivalent conductance of the electrolyte in a completely 
sociated condition and at the ion concentration ca. A, is 
‘tained using the Kohlrausch principle of independent ion 
gration and the assumption that solutions of alkali salts 
iid inorganie hydrogen acids are completely dissociated into 
ons, both of which have been substantiated by experimental 


uta. For acetic acid, for example, the procedure would be- 


‘follows: (a) measure the equivalent conductance of acetic 
wid (HAec) at a series of concentrations; (6) measure the 
jtivalent conductances of sodium acetate (NaAc), HCI, and 
also at a series of concentrations; (c) calculate Aci ac 
om the relationship 


= An + 


= Au + Aci + Ana + Nac Ana Aci (IX) 


hie!) follows from the Kohlrausch principle and in which 
‘represents the ionic conductances of the ions denoted by 
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subscripts; (d) caleulate values of Aqac/Acuac Which would 
give values of the degree of dissociation of the acid; and 
(e) use these values in the mass action law to obtain values of 
the dissociation constant of acetic acid. In this procedure the 
ratio Aqac/Aenac Must be determined at the ionic concentra- 
tion and not the stoichiometric concentration. This entails a 
short series of approximations since the ionic concentration 
-sannot be known a priori. The method has yielded good re- 
sults. It has not yet been applied to dibasie or polybasic 
acids where complications would arise owing to the complexity 
of the ions that may be present in the solutions, especially if 
the ratio of the ionization constants is small. 

The emf method of Harned and students is well adapted to 
measurements at various temperatures and entails measure- 
ments of the emf of cells of the type: 


Pt, Ho(g) | HAec(m), NaAc(ms), NaCl(m;) | AgCl(s), Ag(s) 


which is a cell without liquid junction or rather one with 
negligible liquid junction as shown by Beattie (75). Here the 
electrodes are reversible to HCl] even though other ions are 
present, and the emf, therefore, gives a measure of the free 
energy of formation of HCI (or dilution, in comparisons) in 
the presence of the other ionic constituents. This fact is 
frequently overlooked in the literature. 

The expression for the emf of this cell as a function of the 
concentrations of hydrogen and chloride ions is then combined 
with the expression for the ionization constant of the acid 
to give: 
ms (m, — ma) 


+ log me + Mn + Vu 
= — log K + Bu (X) 


(E E°)F 
2.3026 RT 


wherein the limiting law of Debye and Hiickel plus an em- 
pirical term linear in the ionic strength, u, is used to represent 
the ionic activity coefficients involved. On extrapolation to 
infinite dilution, where Bu = 0, of the values of the left side 
of equation (X) obtained for a series of concentrations, values 
of —log K or pK and hence K are obtained. 

Harned and associates have applied this method to the 
determination of the dissociation constants of a large num- 
ber of acids, bases, and ampholytes in various water-non- 
aqueous solvents and over a wide range of temperature, 
usually 0° to 60°C. In this determination, values of my have 
to be obtained by a short series of approximations. First, 
extrapolations are made to infinite dilution by assuming that 
my is zero; then the provisional K value thus obtained is 
used in the expression for the dissociation constant and a 
provisional value of my is obtained which is used in equation 
(X), and the operations repeated until self-consistent values 
of my and K are obtained. This procedure is not necessary in 
determining the dissociation censtant of water for which 
my is of the order of 10-7? and therefore a negligible correction 
(76). The procedure is satisfactory only if K is less than 1 x 
10-*. For other cases, divergence of values at infinite dilution 
does not result, if the extended equation of Debye and Hiickel 
is used to express the ionic activity coefficients involved, 
and various values of the “closest distance approach,” a,, 
of the ions are employed. This is illustrated for formic acid 
in Fig. 1. Here values of 0, 4, 8, 20, and © have been used 
for the “closest distance approach” of the ions. It is evident 
that convergence is not obtained (77) at zero ionic strength. 
When a; is 0, A is 1.785 x 10-4; when a; is 4, K is 
1.781 x 10-4; when a; = 20, K is 1.773 x 10-4, ete. (77). 
For acids of lower dissociation constants, the errors from this 
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source are negligible; for acids of higher constants, the errors 
are correspondingly greater. For example, the first ioniza- 
tion constant of phosphoric acid (78), using a 1-1 buffer 
ratio, is 7.435 « 10-° when a; is 0 and 7.163 x 10-* when 
a; is 4. The reason for the lack of convergence lies in the fact 
that extrapolations must be made through points represent- 
ing various buffer ratios as the my corrections alter the stoi- 
chiometric concentrations. The method is a convenient and 
accurate one for determinations of dissociation constants of 


3.760}— Q 
Oo 
O 
classical 
seco 
3.756} fe) O 
3.754 O 
=x 
O limiting low 
0 
O 
Lines represent least -squore 
3.750 O fit to the equation len, 
pK=pK°+ op + by 
oe 0 0.02 0.04 0.06 0.08 


Fic. 1. Data showing lack of convergence in the limit of zero 
ionic strength for determination of dissociation constant for 
formic acid. Left side of equation (X), pK’, plotted against 
ionie strength; 2AV/y/(1 + Baiv/u) used instead of the term 
2AvV/ 


smaller magnitude than 10-° and gives fairly quantitative 
values for the others since one may assume that 4 Angstrom 
units would be a fair guess to use for the ‘‘closest distance of 
approach of the ions.”’ The data on formic acid are included 
here to show that the Debye-Hiickel theory cannot be used 
indiscriminately; it is not a panacea for dilute solutions. In 
the present case, the law may be applied if some method was 
known for the determination of the hydrogen-ion concentra- 
tions of the solutions. 
Harned and Embree (79) gave the equation 


log K — log K,, = 0.00005(T — T,,)? 


for the variation of ionization constants with temperature, 
wherein K,, and 7’, are empirical constants. K,, represents 
the maximum value obtained for K, and T,,, the temperature 
at which this oecurs. It is interesting that this equation pre- 
dicts that the dissociation constant of all weak electrolytes 
would pass through a maximum at some temperature. 
Another quantity that aids in interpreting weak electro- 
lytes was proposed during the period which we are con- 


Dece: iber 195 


cerned and that is the pH symbol proposed by S¢@rvnsen (gy 
in 1909. Serensen originally defined pH as 


pH = —log cq. (X] 
There probably could be no contention with this efiniti,, 
in colorimetric determinations of pH if absolute standay 
could be used instead of reference standards calibrated on tj 
basis of measurements of galvanic cells. Most pH ineasyy, 
ments are based today on electrochemical methods inyoly) 
the use of some form of galvanic cell. It is now well realiy 
that the potential at a hydrogen electrode, or at electrod 
that function as hydrogen electrodes, is related not to hyd 
gen-ion concentration but to hydrogen-ion activity. It is {y, 
ther realized that equilibrium and kinetic expressions inyoly; 
for the most part, ion activities. Therefore, it is essenti 
that the pH scale be placed as closely as is experiments 
feasible to the thermodynamic requirements. Unfortunate! 
values of single-ion activities or activity coefficients are 
thermodynamically inassessable as are single electrode 
tentials or the potentials at double layers. 

Nevertheless, it has been realized that attempts should | 
made to define pH in terms which will at least approximat 
the results that would be obtained by methods known to be 
thermodynamically sound. With this psychology, Hitcheock 
and Taylor (81) and MacInnes, Belcher, and Shedlovsk 
(82) devised a method wherein the pH scale is standardized 
in terms of known values of the thermodynamic dissociation 
constants of weak acids. In essence the method is this: 4 
buffer solution, say of acetic acid and sodium acetate, is 
made up in a number of dilute solutions. These are placed 
successively in a galvanic cell composed of a hydrogen ele 
trode and a normal or saturated calomel half-cell, where 
the buffer solution forms a liquid junction with the KC) 
the half-cell. Upon extrapolation to zero concentration (Hite! 
cock and Taylor, and MaclInnes, Belcher, and Shedlovsky’s 
methods differed somewhat) of suitable functions involving 
the measured emf and assuming no variation in liquid jun 
tion potentials with concentration, they obtained a value { 
the potential of the calomel half-cell. Since the dissociaty 
constant of the acid is well known (see above), the value | 
the calomel half-cell when used in the reverse procedur 
described above would yield the same dissociation constant 
as the method without liquid junction and by which therm 
dynamic dissociation constants are obtained. In other words 
if the cell of MacInnes, Belcher, and Shedlovsky with liqu 
junction and the method of Harned and associates involving 
cells without liquid junction were used to measure the dis» 
ciation constant of a new acid, the same result would be o! 
tained by the two methods. This method is adaptable on! 
to weak buffer solutions; strong acids for which negativ 
pH values may be obtained require a different potentia 
value for the calomel half-cell (83) largely because of diffe: 
ences in the liquid-junction potentials involved. 

Another method (84) for standardization of the pH seal 
involves measurements of cells of the type: 


Pt, H2(g) | solution + NaCl! AgCl(s), Ag(s) 


following suggestions originally made by Guggenheim (5° 
and by Hitchcock (86). By rearrangement of the Nernst 
equation for the emf of this cell we have: 

(E — E°)F 


pH = 23026 RT + log mca + log fer (Xi 


on the assumption that fifci may be separated. This method 
gets around the troublesome liquid-junction potential but 
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slves ‘he estimation of the activity coefficient of the Cl- 
. By waking reasonable assumptions, however, and using 
te 80 utions, pH values of reasonable reliability may be 
ined by this method (87). Another method (88) based 
optially on the law of variation of activity coefficients at 
jstant total molality (89) may be employed to convert 
jues of (—log myfufe:) directly obtainable from above 
| to (—log myfu) or pH. From measurements of (—log 
afc.) on KOH solutions (basie side of scale) and HC! 

id side of seale) by the above cell and for which (—log 
i{u) is known it is possible then to compare (—log myfufcei) 
| (—log mpfu) for an unknown solution. In this method, 
,isassumed that fa = for = faci an assumption originally 

posed by Guggenheim (90). 

These methods have been applied to the determination of 
ie pH at 25°C of 0.05 molal potassium acid phthalate, used 
xtensively in the calibration of pH meters, with the follow- 
results: 

Method with liquid junction 


H and T (81) = 4.008 

M, B, and 8 (82) = 4.000 
Method without liquid junction 

Method No. 1 (84) = 4.005 

Method No. 2 (91) = 4.008. 


Je can, therefore, say that the pH of 0.05M potassium acid 
thalate is 4.01 at 25°C, or 0.04 pH unit higher (neglecting 
te small difference in temperature; Clark and Lubs’ value 
is for 18°C) than the value given by Clark and Lubs (92) 

the old basis of apparent hydrogen-ion concentration. 
This value is now widely used in this country and abroad 
3). The method involving measurements of cells without 
wid junction is well suited to measurements of relative 
ll values over a wide range in temperatures. By its use it 
i been found that high pH values decrease and low pH 
ues increase (94) with increases in temperature in a fashion 
suggest that all solutions would have an identical pH at 
the critical temperature of water and of a value approximat- 
¢ that of the solvent alone (95). 


Interionic Attraction 


Simultaneously with the development of exact methods 
y treat the thermodynamics of solutions, the past fifty years 
ave seen the evolution of an electrostatic and hydrodynami- 
il theory of electrolytes developed largely through the 
pplication of statistieal mechanical methods. In this devel- 
pment, the Boltzmann distribution law has played a domi- 
it role. Debye and Hiickel used the law in their theory 
{interionie attraction and Eyring and others in the develop- 
nent of the theory of absolute reaction rates. 

The theory of Debye and Hiickel (26) concerning interionic 
ittraction is probably the most noteworthy contribution to 
theoretical electrochemistry of the past fifty years. It has had 
| profound effect on scientific thought and influenced the 
ourse of electrochemical investigations in an infinite number 
‘ways. The essential postulate of their theory was the con- 
ept of the “ion atmosphere.’’ In essence Debye and Hiickel 
onsidered that on a time average any ion would be sur- 
rounded by a greater number of ions of opposite charge than 
ike charge, as a result of the attraction between electrical 
harges of unlike sign and the repulsion of charges of like 
‘gn, both of which follow Coulomb’s law of charged bodies. 
\t a distance from an ion, therefore, would be an “ionic 
loud” of opposite charge which will set up a field of potential 
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whose magnitude will depend on the distance of the “‘cloud”’ 
from the central ion. 

Thermal vibration of the ions will tend to disturb this 
arrangement but not entirely so, and Debye and Hiickel 
used the Boltzmann principle to express the ionic distribution 
as a function of the ratio of the electrical and thermal energies. 
Debye and Hiickel also had the foresight to see that Poisson’s 
equation could be used to express the relation between the 
potential and the average electrical density. On these prin- 
ciples and with some simplification in mathematics, they 
arrived at the equation: 


1 1000 keT’ \’2 
K 4re? NYe; 2? 


for the thickness 1/x of the ion atmosphere, where ¢€ is the 
solvent dielectric constant, 7 the absolute temperature, k 
the Boltzmann constant or gas constant for a single mole- 
cule, N the Avogadro number, e the electronic charge, z the 
ionic valence, and ¢ the concentration in moles per liter. It is 
interesting to note that Bc,z; is the ionic strength, u, intro- 
duced two years earlier by Lewis and Randall (96) to aid in 
correlating the properties of electrolytic solutions. For a 0.1 
molal solution at room temperature the thickness of the ion 
atmosphere is the order of 1 Angstrom unit or 10-* em. 

By several mathematical steps which need not concern us 
here, by assuming that all deviations from the behavior of 
ideal solutions could be attributed to electrical charges on 
the ions, and by calculating the free energy changes associ- 
ated with the charging and discharging of an ion and its 
transfer from a dilute to a more concentrated solution, Debye 
and Hiickel [see also Giintelberg (26a)] derived the following. 
equation for the activity coefficient of an ion as a function 
of its concentration: 


(XIII) 


VaN/1000 
(ekT)9!2 (1 1000ekT) 


other symbols have the same significance as given above for 
the ionic atmosphere. This equation may be put in the form: 


— log fi = = (XV) 
1+BaVu 
which reduces to the limiting form 
—logfi = AV u (XVI) 


for very dilute solutions, equivalent to a zero value for a,. 
Later, Hiickel (97) modified this equation (XV) by adding 
an empirical term linear in the ionic strength to give 


AVu 
1 + Ba; Vu 


Hiickel considered that the theory requires the dielectric 
constant of the solution rather than that of the solvent. He 
believed that the dielectric constant decreased linearly with 
solute concentration. The value of B must be determined 
from experiments; no method is yet known whereby it can 
be calculated from physical data. 

Analysis of the assumptions and approximations made in 
the Debye-Hiickel theory have been made by Kramers (98), 
Fowler (99), Kirkwood (100), and Gronwall, LaMer, and 
Sandved (101) who gave a more extended equation by not 
neglecting higher terms neglected by Debye and Hiickel. 
These all conclude that for dilute solutions their treatments 
lead to the limiting law of Debye and Hiickel. 


— log fi = — Bu. (XVIT) 


337C 
| 
ite! 
sky's 
jun 
ati 
ue 
dur 
stant 
rmo-§ 
ords 
qui 
ving 
on! 
tive 
rnst 
hod 
but 


338C 


Equation (XTV) may be considere an answer to those who 
felt that activity coefficients were nothing more than correc- 
tion factors and had no physical significance. It is true that 
the theory only agrees with experimental results up to about 
0.01 molal but the agreement over this range is good. Also, 
by using values for the “closest distance of approach” the 
theory may be extended to about 0.1 molal. For the “closest 
distance” of approach, “ionie radii” (102) obtained from 
crystal studies may be used as a first approximation. Invari- 
ably, however, a somewhat large value of a; is required and 
this has been attributed to the presence of a water sheath 
around the ions. Actually Stokes and Robinson (103), by 
allowing for ion-solvent interaction as hydration, calculated 
on the principles of the Brunauer-Emmett-Teller adsorption 
isotherms (104), were able to derive an equation that repro- 


1.0 


complete 
tonization 


f+ 
- 
incomplete 
ionization 
electrostatic 
ion poirs 
complex 
1on 
\ 
“micelles” ~ limiting tow 
~ 
0.0 | | 
10 20 


Vm 


Fic. 2. Typical curves for activity coefficients of uni-uni- 
valent electrolytes in various ionic or molecular states. 


duced observed activity coefficients to high concentrations. 
However, this method apparently does not work for salt 
mixtures (105). 

Activity coefficients are also valuable in determining the 
state of ions in solution. In Fig. 2, several curves are shown 
outlining the general nature of values calculated on the 
premise that the solutions are totally ionized wherein values 
of the mean activity coefficients of uni-univalent electrolytes 
are plotted against the square root of the molality, m. Two 
dotted lines are shown: one represents the values predicted 
on the limiting law of Debye-Hiickel wherein a; = 0, the 
second that obtained using the Bjerrum principle wherein 
a; = 3.5, Bjerrum’s theory (106) predicts 3.5 for the lowest 
value that is possible without formation of “ion pairs.” 
Results between a; = 0 and a; = 3.5 would therefore indi- 
cate that the solute existed in the form of “electrostatic ion 
pairs.”” Data obtained above the Bjerrum prediction would 
indicate complete ionization of the salt and those below the 
limiting law would indieate incomplete ionization of the 
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electrolyte. Ionic “micelles’’ (107) give a very wi 
of curve and indicate a large extent of incomplete 
Ions that polymerize (108) give the form of curve a 
Complex ions (109) as a rule fall very closely to tl 
law. Thus, the activity coefficient for HAg(CN). {Is helog 
the limiting-law curve, Ag(NH;).Cl on the curve, 
Ag(NH;),0H above the Bjerrum curve. Therefore, the |g; 
one is completely dissociated. 

Debye and Hiickel also applied their theory to electy, 
lytie conductivity. The presence of an “ion atmospher 
would result in a decrease in the mobility of ions and 
increase in their effective mass or a slowing down of tly 
movement under a potential gradient, and this slowing doy 
would become more marked the higher the solute concent, 
tion, thus accounting for the fact that equivalent conductane: 
decreases with increased salt concentration. When a so 
tion is subjected to & potential field the “ion atmosphen 
leads to two effects. First, it will be drawn in the opposit 
direction to the central ion and thus slow down the movement 
of the central ion. Second, the ion atmosphere will tend { 
be drawn along with the central ion to a new location }y 
not instantaneously. The first effect is called the electy 
phoretic effect, as it appears to involve movement of t! 
solvent. The second is called the “relaxation time” effect 
By statistical methods and taking care of the Browni 
movement of the ions and assuming that Stokes’ law appli 
Onsager (17) derived the following equation for the mobilit 
of an ion: 


que for 
Mizatiog 
depict 

limitiy 


(ET) 
Viet + (XVIII 

where 

w = (XIX 

l+Vq 

(A+ + A7-) 


For the conductance of a uni-univalent electrolyte we ol 
tain: 
82.4 


A. + Ve (XX 


where A, = AS + Av, which may be expressed in the simp 
form: 


8.20 « 10° 
A=A, - 2 


A =A, — (a + Vc. 


The Debye-Hiickel-Onsager equation shows the dependence 
of electrolyte conductivity on concentration, temperature 
viscosity, dielectric constant, and ionic valency. Their equa 
tion, therefore, served to systematize all experimental data 
on electrolytic conductivity. It was found, however, to 
applicable only to dilute solutions or those less concentrated 
than about 0.01 molal. At higher concentrations, deviation 
from the theoretical curve are observed and are generall) 
attributed to assumptions inherent in the Debye-Hiickel 
Onsager theory. Shedlovsky (110) has proposed an empiric! 
equation applicable to about 0.1 molal. 

The Onsager equation applies quite well for all media o! 
dielectric constant exceeding 30. For media of lower die!ect™ 
constant equivalent conductances exhibit various abnormal 
ties. Some solutions of low dielectric constant deere se |! 
equivalent conductance on dilution instead of inereas ng ** 
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ally observed, pass through a minimum and then in- 
e on further dilution. Some exhibit both maxima and 
»ima it their conductance curves. Walden (111) concluded 
: there was a definite relationship between these minima 
‘the dielectric constant of the medium. Fuoss and Kraus 
2) by an extension of the Bjerrum (106) principle were 
» to give a complete picture of equivalent conductance 
a wide range of dielectric constant. 

gjerrum (106) using a concept of ionic association (into 
L:) and the Boltzmann distribution law determined the 
»bability of ion pair formation as a function of ionic radii. 
yss and Kraus considered the possibility of triple-ion 
mation. Bjerrum and Fuoss and Kraus’ concepts may be 
pressed by the equations: 


A+ + B- = AB 
+ A~ = 
+ B+ [BtA-B*}* 


(XXITT) 


ere the terms in brackets are either ion pairs or ion trip- 
is, produced by the action of coulombie forces only. AB 
the other hand would result from electronic linkage. 
errum concluded that all ions lying within a sphere of 3.5 
iwstrom units should be considered as associated into ion 
rs and all those lying beyond this sphere as “free” in the 
ve used by Arrhenius. His equation for the minimum ionic 


lius 1S 


= 2:2207/2 € kT (XXIV) 
ere each term has the significance already given. This 
ution shows that the higher the dielectric constant the 
er iS Tmin and therefore the less is the tendency for ion- 


wir formation. Bjerrum and Fuoss and Kraus derived equa- 


us for the equilibrium or rather association constants for 


te equations representing either ion-pair or ion-triplet for- 
mation, and for calculation of the degree or fraction of ionic 


weiation. This Bjerrum concept was used above in connec- 


ton with activity coefficients (Fig. 2). 


In referring to the Debye-Hiickel-Onsager theory of elee- 


imlytie conductivity one might conclude that the equivalent 


nduetances would be of higher magnitude if the effect of 


te ion atmosphere could in some way be eliminated or if it 


ere not given sufficient time to form under a_ potential 


gadient. Wien (113) showed that this was true by studying 
the effect of high field strengths on the conductivity of elec- 
tulytes. Working at applied potentials of the order of 20,000 


its per em he showed that the conductance increases with 


te field strength and approaches asymptotically a limiting 


ue corresponding to that observed at infinite dilution, 
th the effect being greater the higher the valency of the 
us. Also referring to the theory, if the “relaxation time” 


‘leet is eliminated one would expect the conductance to 
icrease. Debye and Falkenhagen (114) showed that this was 
ime by studying the effects of high frequencies on the con- 


«tance under which conditions the relaxation time effect 
is reduced in magnitude. The studies, therefore, of Wien 
id Falkenhagen presented additional evidence in confirma- 


ton of the fundamental postulates of the theory of interionic 
traction on the mobility of ions. One might suspect that 
the Wien effect would make possible a really true determina- 
on of the degree of ionization of an electrolyte. However, 


len applied to weak electrolytes it was found that the high 


‘elds produced an increased ionization of the weak electro- 


” 


le, <nown as the “dissociation field effect’? and discussed 
’ Oisager (115). Therefore, the Wien method does not 
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make possible a determination of a degree of dissociation 
in that the effect itself changes the degree of dissociation. 


Electrode Reactions and Electrolytic Processes 


We have seen during the past fifty years various attempts 
to obtain the absolute potential of a single electrode in spite 
of the fact that the potential of an electrode involves the 
activity of a single ion, a quantity thermodynamically in- 
assessable. Most of the methods, such as the suspended- 
particle method, the scraped-electrode method, etc., are now 
conceded to be subject to errors arising from adsorption of 
ions or impurities at the phase boundary, the presence of 
oriented dipoles, or the displacement of an oriented water 
molecule by the electrolyte. Billiter (116) gave a review of 
the various methods that have been tried. That most of these 
lead to the same value of a reference half-cell, say the normal 
calomel half-cell, is in itself not significant as all of the methods 
are probably measuring the same phenomena at the phase 
boundary. It is significant, however, that some methods (117) 
do yield values that agree closely with the values calculated 
by Latimer, Pitzer, and Slansky (118) from the free energy 
changes for a series of changes in state which, when combined, 
would give the free energy change for the reaction of a single 
electrode. In this method, too, we must make an assumption 
regarding the free energy of solvation of a gaseous ion since 
these must either be obtained from the solvation of a mole- 
cule owing to the requirement of electroneutrality, or caleu- 
lated from electrostatic relations involving an ion size. 

Today we are, therefore, content to use the convention of 
standard electrode potentials based on the conventional 
hydrogen electrode and use the Nernst equation (converted 
to activities) to express its variation with solute activity. 
It is interesting that Rogers and Stehney (119) in 1949, as a 
result of their studies on the deposition of traces on an inert 
electrode, suggest that the Nernst equation should be modified 
to include a term to account for the energy difference in a 
deposit-electrode interface, or the differences obtained if an 
ion is deposited on the metallic state of the ion or on a dis- 
similar metal. They also pointed out that the Nernst com- 
plete equation rather than the abridged form should be used 
in all electrochemical studies relating to the deposition of 
traces. 

In recent years the standard potential of many electrodes 
and oxidation-reduction reactions has been determined with 
higher accuracy than heretofore and by improved methods 
using, where possible, cells without liquid junction. It has 
been shown that the potential at a liquid junction between 
unlike solutions depends on the method used to form the 
junction and involves the transference numbers and activi- 
ties of all the ions in the transition layer. Also for high repro- 
ducibility the junction must be maintained in an isothermal 
state (83, 120). Guggenheim (121) has discussed the “con- 
tinuous mixture junction,” the “constrained diffusion junc- 
tion,” the “free diffusion junction,” and the “flowing june- 
tion.”’ He concluded that each type gives reproducible results 
providing the transition layer meets certain theoretical con- 
siderations. Estimates of the magnitude of liquid-junction 
potentials may be obtained from the Henderson (122), the 
Planck (123), or the Pleijel (124) equations in terms of ionic 
concentrations and mobilities. Graphical means of evaluation 
may also be used (125). “True values” depend on a knowledge 
of individual ion activities. Since these are thermodynamically 
inassessible, ‘“‘true’’ values are unobtainable. Also the con- 
verse is true: values of individual ion activities cannot be 
obtained from measurements of liquid-junction potentials 
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as such measurements depend on the way the junction is 
formed and include potentials at the electrode-electrolyte 
interfaces, also. 

The electrochemical series of the elements in their standard 
states is essentially the same as it was at the turn of the cen- 
tury. Brown, Roetheli, and Forrest (126) have proposed a 
new electrochemical series which may be called the “corro- 
sion potentials.”’ This series consists of two parts: “hydrogen 
types” and “oxygen types.” In the first type, metals are oxi- 
dized by displacing hydrogen; in the second, metals are 
oxidized by atmospheric oxygen diffusing into solution and 
to cathodic areas of the metal. The “corrosion potentials” 
are considered to give a more useful index of probable metallic 
behavior than the “standard potentials.” 

Our knowledge of the nonequilibrium state is not in as 
happy a state as our knowledge of equilibrium states. Also 
in many cases we use the term reversibility when strict re- 
versibility is approached but not actually attained (127). 
Many theories still abound on the subjects of overvoltage, 
polarization, passivity, etec., and many comparisons made 
with the early Tafel (128) equation expressing overvoltage 
as a function of current density. This equation probably 
receives more attention than it deserves. It involves electrode 
area. In theorizing on the Tafel equation, probably the “true’”’ 
electrode area is demanded, but in practice the “apparent” 
area is used. Much research on this phase of the theory of 
electrode processes is now under way (129). Also various 
“diffusion layers’ and “double layers,” starting with the 
Helmholtz (130) double layer, have been proposed to account 
for observed phenomena at electrodes. 

In recent years, considerable attention has been given to 
the theory of absolute reaction rates. In this theory Eyring 
(131) and Evans and Polanyi (132) introduced the concept 
of the “activated complex.” This theory is closely related to 
the Brénsted-Christiansen-Scatchard theory of reaction rates 
in ionic solutions wherein a “critical complex’’ of momentary 
existence forms prior to final reaction products (133-135). 
In essence the theory of absolute reaction rates recognizes 
the existence of energy barriers (diagrams with familiar 
valleys and peaks) over which reactants or particles must 
pass to form products, and the necessity that they receive a 
free energy of activation in order to do so. The discharge of 
an ion at rest, for example, involves two main energy barriers, 
one for the transfer of an ion from the bulk solution where it 
is under the influence of electrostatic forces to the surface of 
an electrode where it is probably free of such forces, and 
another for the discharge of the ion by combination with the 
electron supplied by the electrode. Other energy barriers 
associated with the orientation of the discharged ion within 
the lattice of the electrode or in the formation of gas bubbles 
are probably involved also. The actual rate is obtained from 
the specific rate by multiplying the latter by the activity of 
the reactant. 

The equations used to depict these processes are the same 
as the one proposed in 1889 by Arrhenius (136) except that 
his empirical A constant is replaced by (kT7'/h) and his energy 
of activation by the free energy of activation. The factor 
(kT /h) was introduced by Eyring (131) as the rate of crossing 
the energy barrier, where k and h are, respectively, the Boltz- 
mann and Planck constants. For any electrode process we 
may consider that there are two competing reactions, the 
forward one of discharge of an ion, and the reverse one of 
solution of an ion, or vice versa. Suffice it to say, that the 
theory of absolute reaction rates when applied to electrode 
processes gives the familiar Nernst equation for the equilib- 
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rium state when the two competing reactions ar equal ay 
gives an equation for the net current (assumed to |, cathod 
when the two rates are not equal. One form of equation (13 
for the cathodic current is: 


ela, 
l /RT 


D* k, 


[= (XX 
t 


where k, is the rate constant for ionic discharge, D the dif 
sion coefficient of the ions, a, the activity of the ions in 4 
bulk of the solution, 6 the thickness of the “diffusion laye; 
t the transference number of the ions not discharged, « ¢} 
fraction of the potential EH operating between the ion | 
solution and its activated state, Z, is the standard potent 
of the electrode, and the other constants have their ys, 
significance. This equation represents the variation of {| 
electrode potential, Z, with the current J, and it has bee 
included to illustrate how complicated this process is and 
show how the theory of absolute reaction rates has broug! 
together all of the factors involved at an electrode. 

The theory of absolute reaction rates has been applied | 
the theory of overvoltage, to derivations of equations | 
diffusion currents at stationary electrodes, to the theor 
electrolyte diffusion, to ion transport, to rate of oxide-fil 
formation (138), and to other problems in electrochemist 
(137). Its development has been one of the highlights of t 
period with which we are concerned. It is true that calculati 
of free energies of activation still require experimental ¢ 
terminations over a range of temperatures but the theor 
aids in correlation of data and offers much for the future. 

The theory of electrolytic processes is tied very much t 
the theories of electrolytes and electrode reactions. In thes 
past years we have seen many advances in electrolytic pr 
esses. Probably the most outstanding new electrochemics 
process that resulted from theoretical considerations was t 
electrolytic separation of the isotopes of hydrogen (139). (1 
electrolysis of water the generated gas is enriched in hydroget 
and the solution in deuterium. This electrolytic separatior 
attributed to the differences in the overvoltage of hydroge: 
and deuterium, but other factors must enter. Greater separ 
tion is obtained with those metals (when used as electrodes 
having low hydrogen overvoltage and less separation wit 
those having high overvoltage. Various mechanisms hav 
been proposed (140) for the reaction that occurs at the ele 
trode surface. The fact that different separation factors ar 
obtained with different metals suggests that electrode m 
terials are not as inert as frequently supposed and should | 
included in theories pertaining to electrode processes. Thos 
working with galvanic cells with fused salts would be thi 
first to concur in this viewpoint. 

An important theorem dealing with the treatment of tl 
thermodynamics of irreversibility was presented by Onsag' 
(141) in 1931 which probably will have a profound effect 
on future investigations of irreversible processes in elect 
chemistry. His theorem is frequently referred to as the re 
iprocity theorem because he used reciprocal relations simila! 
to those used by Thomson (142) in his treatment of thermo 
electric phenomena and applied by Eastman (143) to bis 
studies of the Soret effect in galvanic cells containing tempe™ 
ture gradients, by Helmholtz (144) in his studies of elect” 
lytic cells, and by Bridgman (145) in his studies of galvane 
magnetic effects in metals. 

Onsager developed a general relation of reciprocity in the 
mutual interference of simultaneous irreversible proces® 
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yh is denied in reversible processes by the principle of 
scopic reversibility. He pointed out that the thermo- 
trie effect arises from the mutual interference of the 
ijtancous irreversible processes: the flow of heat and the 
- of electricity, whereby the flow of heat interferes with 
»fow of electricity and has a tendency to carry the electric- 
Jong with it. In other words, these two processes become 
yngled in their irreversibilities. He applied the theorem 
transference phenomena in electrolytes and to the thermo- 
tric effect. Callen (146) since has applied the theorem to 
tudy of the thermomagnetic effect. Callen also used a 


ee ewhat modified approach wherein he used a theorem 
i? ogous to the Nyquist electrical noise formula and ex- 
° Gm ced the generalized resistance in a dissipative system in 
nt ns of the spectral density of the fluctuating forces of a 
USUT tom in equilibrium. Although the Onsager method is a 
ee shly mathematical one, it is predicted that it will be used 
a ore frequently in the future. 
ug! Generali Considerations 
In the foregoing we have discussed the thermodynamics 
4 | electrostatic forces of electrolytes, the theory of absolute 
; ction rates, and a mathematical treatment of irreversibil- 
'Y G.. for which the past 50 years will be especially noted. These 
on |or will have broad general influence in all phases of elec- 
~- chemistry. One cannot help but feel, however, that during 
4 s period certain specific contributions have been made 
¢ ch solved once and for all certain questionable facts or 
» blems in electrochemistry or have aided in elucidating 
“ hanisms and which should be mentioned. With no pre- 
‘ Ber at completeness, a few will be mentioned to illustrate 
™ | role that theory has played in diversified fields of electro- 
emistry. 
a The isotopes of potassium have been separated by counter- 
¥ yrent electromigration (147), a method based on differences 
| ode the mobility of the isotopic ions. Isotope separations based 
3 1 differences in ionic mobilities had heretofor been con- 
og wiered infeasible (148). The same principles were utilized 
determine the current efficiency of electrodes in an en- 
e monment of constant concentration rather than in varying 
“ neentrations (149) usually experienced. The mechanism 
" chromium deposition has been elucidated by the use of 
a lioaetive chromium (150). It was shown that chromium 
i | leposited directly from the hexavalent state and not from 
ae’ trivalent chromium present in the bath. 
a In 1933 Debye (151) proposed a method for the determina- 
7 of the mass of electrolytic ions based on the introduction 
hos ultrasonic waves in an electrolytic solution. Debye stated 


‘at passage of ultrasonic waves through an electrolytic 
vlution should result in alternating potentials within the 
ia ition arising from dynamic reactions of the ions to acous- 
val waves. In 1949, Yeager, Bugosh, Hovorka, and Me- 
oct thy (152) for the first time detected the effect for several 
‘ectrolytes, although Rutgers (153) earlier in 1946 had de- 
eted the effect for colloidal suspensions. Yeager and co- 
thors also showed that the effect was independent of con- 
“itration in the range 0.0005 to 0.005 molar, as predicted by 
: The Gladstone-Tribe (154) double-sulfate theory of the 
ya ‘acid storage battery has finally been established by 
lytical methods (155), thermodynamic studies (155, 156), 
{measurements of galvanic cells (157). Delahay, Pourbaix, 
1 Vin Rysselberghe (158) have developed potential-pH 
grains which give domains of corrosion, passivity, and 
‘sive tion of metals in certain environments. Diagrams of 
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this type based on thermodynamic and electrochemical data 
will probably become available for all metals. 

We have seen the development of the “Geomagnetic Elec- 
trokinetograph” whereby the motion of the oceanic water 
is measured relative to the ocean’s bottom, an instrument 
developed on theoretical considerations. The Ilkovie (159) 
equation has proved its merits in polarography. Several 
modifications of the equation have been proposed (160), but 
these constitute refinements in the theory rather than radical 
departures from the concept of Iikovic. 

Electrochemical laws governing the growth of films on 
metals have been enunciated (161). The theory of inhibitors 
of corrosion has been advanced to include structural consid- 
erations (162). Cathodie protection is well known and ac- 
cepted. Elegant treatments of current density distribution 
in electrolytic cells have been presented (163, 164). Differ- 
ential titrations (165) are recommended where high accuracy 
in analysis is demanded. Thermodynamics including the 
third law has been used to study the equilibria of Clark 
standard cells (166). Information on the structure of complex 
molecules has been supplied by electrochemical means (167, 
168). 

The past fifty-year period in electrochemical theory has 
been a fruitful and notable one. However, many problems 
still remain to be solved. Our treatments of concentrated 
solutions of electrolytes are still empirical. The problem of the 
potential at phase boundaries is largely unsolved. Much re- 
mains to be done in the field of electrochemical kinetics, 
especially if we wish to place it on a true “absolute reaction” 
basis. Developments in atomic energy will undoubtedly affect 
the direction and the progress of electrochemical research. 
It may well be that new advances in theoretical electro- 
chemistry will depend on the development of* newer and 
better mathematics. We have seen this in the past in the ap- 
plication of thermodynamics and statistical mechanics to 
electrochemical phenomena and may expect to see it repeated 
in the future by the applications of wave mechanics and 
newer mathematics. Systems will probably be treated in a 
somewhat different, if not more complex, fashion than at 
present. To those permitted to witness, the next fifty years 
should be most interesting. 
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REVIEW OF ELECTROCHEMISTRY OF GASES' 
S. C. Lind? 


Examination of any treatise of electrochemistry shows that 
the chemical behavior of gases in electrical discharge has 
been more retarded in development or neglected than any 
other recognized branch of electrochemistry. Perhaps it would 
not be out of place in beginning this review to examine the 
several causes of this neglect and to see what future, if any, 
one may expect for the application of electrical energy to 
gases. 

One naturally thinks of a comparison with the electrolysis 
of electrolytes but soon sees that there is little parallel be- 
tween the two. In an electrolyte, ionization occurs spon- 
taneously by action of the forces between solvent and solute 
and without the application of any external field. A low 
voltage is then sufficient to separate the products of electrol- 
ysis at the electrodes. The flow of current will, of course, 
obey Ohm’s law. The resistance will depend on electrode 
separation, on the concentration, and on the conductance of 
the electrolyte which, in turn, depends on the mobility of the 
positive and negative ions. All of this is well known but does 
not mean that all the phenomena of electrolysis are equally 
well understood. What happens to ions arriving at tne elec- 
trode before they react in deposition of metal, evolution of 
gas, or equivalent oxidation or reduction in accordance with 
Coulomb’s law remains obscure. The role of free radicals is 
not well understood. 

In electrical discharge in gases, the principles are entirely 
different. Relatively high voltage must be applied to ac- 
celerate electrons from the electrode to a velocity at which 
they can ionize the gas molecules encountered, thus making 
continuous discharge possible. The resulting chemical re- 
action takes place in the gas phase, not at the electrode, as 
in electrolysis, and may be due to direct action upon re- 
combination of the ions or to free radicals or to both. The 
radicals or free atoms may be produced by direct action of 
the electron encounters, or by subsequent dissociation of the 
ion, or by excitation either with or without collision. 

The potentials that electrons must attain in order to pro- 
duce either ionization or excitation are considerably higher 
than the energies of activation of thermal chemical reactions. 
This means that energy-wise the production of chemical 
action in electrical discharge in gases may not be favorable. 

What is the situation in current efficiency? What of 
Coulomb’s law, the limiting factor in all electrolysis? In gases 
there is no such relation. Since the reaction takes place by 
recombination of ions in the gas phase or by the action of 
uncharged free radicals the current carried does not follow 
Coulomb’s law in the least. And here is a factor favorable to 
the electrochemistry of gases; since the number of ions re- 
acting, directly or indirectly, in the gas phase far exceeds the 
number conducting current by discharge at the electrode, 
chemical production far exceeds Coulomb equivalence. In 
some cases less than 100 coulombs is required instead of the 
96,500 of electrolysis. But in spite of the favorable current 
yield the voltage necessary for continued discharge in gases 
is so much higher than that in electrolysis that the energy 
vield generally remains quite unfavorable for gaseous dis- 
charge. 


' For more extensive review of this subject see References 
(1) and (2). 

? Carbide & Carbon Chemicals Company, Oak Ridge, Ten- 
nessee. 


Of course the voltage required for gaseous discli..;ge 


ing in production since it simply makes it easier for cleetyoy 
to pass without colliding with the gas molecules. But collisioy 
are necessary for chemical activation, whatever its characte 


The oldest electrochemical process in gaseous discharged 
and one of the few to attain any industrial application, js til 


fixation of nitrogen and oxygen in air by the are process, Thi 
reaction is generally regarded as thermal rather than ele: 
trical, though there are some recent claims that ions a] 
play a role. Owing to its high cost, except when electric: 
power is very cheap, the are process has been replaced } 
the catalytic ammonia synthesis. A return toward therm: 
synthesis in air is indicated by application of the regeneratiy 
Royster stove now being perfected by Dr. Farrington Danie! 

Another application of electrical discharge in gases is ozon 
production in air or oxygen. A condenser type of discharge j 
usually employed in the well-known “‘ozonizer”’ type of equi 
ment. Electrical discharge is the most efficacious method | 
producing ozone, the application of which is limited only } 
the need for ozone which has had a rather ‘“‘on and off” histor 


It is rather surprising that this isomer of oxygen, so uniquél 


in its properties and easily produced has not found large 


uses. The production of organic ozonides is usually confined 
to organic research, the small needs of which are simply meff 


by laboratory ozonizers. The principal application of ozond 
as disinfectant has been in water purification and in thé 
sterilization of food products and grains. These uses appe 

to be increasing and there have recently been accounts 0 
installations of equipment to produce ozone in ton quantitie 
by improved equipment. 

The ion efficiency of ozone production has been studied | 
the action of alpha rays on oxygen. These researches hav¢ 
shown that ozone is decomposed by the same reagents th 
cause its formation. The most favorable yield will then } 
attained when the ozone formed is most quickly withdraw! 
from the field of action. 

The chemical action of electrical discharge on gases is } 
no means a new subject of investigation. More than a century 
ago, as soon as suitable sources of electrical power becamé 


available many gaseous reactions were studied in silent of 


spark discharge, especially by French chemists. The fac 
that none of the reactions studied have led to practical ap 
plication is explained by the unfavorable energy yield alread) 
discussed. 

Another unfavorable factor is the diversity of product 
obtained. This is especially true in the hydrocarbon gases 
which react readily in electrical discharge, but owing 
secondary and simultaneous reactions the mixture of products 
is exceedingly complex. 


These difficulties have not deterred E. P. Schoch of th 


University of Texas from seeking to beneficiate natural g: 
by subjecting it to electrical discharge, using novel and in 
genious equipment. Schoch early found glow discharge to ! 
the most advantageous type of electrical discharge for chem 
ical production. In seeking to overcome the disadvantage 


of low gas pressure, already mentioned, he made (he ™g@ 


portant discovery that glow discharge can be maintained 4 
higher pressures (atmospheric or somewhat above) if th4 


rate of gas flow be increased accordingly. He found \" e™ 


pirical formula applicable to methane: gas flow per |. lit 


mag 
be lowered by reducing the gas pressure but this gains not} 
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» x »\® and proved experimentally that with values of 
»greaier than 1.09, the discharge has the character of a glow, 
j with values of Fo less than 0.656, the character of an 
Fo is the rate of flow in ft*/kwhr and p is the pressure in 

Hg. 

Professor Schoch’s first objective has been the conversion 
methane to acetylene (3). This he has done by feeding the 
« through a manifold electrode revolving rapidly past a 
«tionary outer circular terminal. The objects of this pro- 
ajure are to maintain turbulence and to remove the product 
‘reaction from the field of discharge before it undergoes 
eondary action. The same technique is applicable to other 
ns reactions. 

Schoch also reports the recapture of the high energy of ion 
® .ombination to increase the yield of product sought. This 
pservation of energy appears so essential as to indicate 
ther detailed study. 

Carbon black is a valuable by-product in producing acety- 
ne by electrical discharge. Other applications are also being 
nsidered by Schoch; for example, the production of aromatic 
uids from natural gas, of hydrogen peroxide from water 
por, and of benzene, olefines, or higher paraffines from 
ethane. By his ingenious method, Professor Schoch has 
wught his costs at least to the border line of possible eco- 
mic competition and has admirably demonstrated the pos- 
shilities of electrical discharge in gases and the desirability 
‘jurther research. In evaluating Schoch’s accomplishments, 
xe should not overlook the fact that economically he has 
al to compete with the rising cost of natural gas from the 
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time when it used to be burned to get rid of it until its present 
extension as fuel in the ever-widening system of pipelines 
across the country. 

Although discharge in liquids to produce chemical action 
does not fall within the title of this review, in hydrocarbons, 
at least, the reactions are so similar they cannot properly be 
omitted. By elimination of hydrogen or methane, hydro- 
‘arbons condense to products of higher molecular weight and 
viscosity. In Germany oils of low viscosity have been con- 
verted to lubricating grade by passing discharge through 
thin, continuously renewed layers until the desired viscosity 
is attained. 

The future of the electrochemistry of gases presents a 
challenge equally perplexing to theoretical approach and to 
practical application. Despite the wealth of experimental re- 
sults and products which it offers, it has for more than a 
century resisted the modern progress of applied science and 
engineering. One is left still seeking the pot of gold at the end 
of the rainbow. 
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THE ELECTROCHEMISTRY OF IONIC CRYSTALS' 
Carl Wagner: 
Introduction adjacent Agl pellets as reference planes). But iodine | yns pr 


In recent years the electrical properties of solid halides, 
oxides, and sulfides have been widely investigated, particu- 
larly because these substances are used industrially in rectifiers 
and photocells, as phosphors, and for other purposes. In many 
cases, the electrical conductivity depends not only on tem- 
perature but also on small deviations from the ideal stoichio- 
metric ratio of metal to nonmetal, the presence of foreign 
substances in small concentrations, and eventually on grain 
size and previous heat treatment. By and large, reproducible 
results can be obtained only if the significant chemical factors 
are adequately defined. Thus, the “electrochemistry” of ionic 
crystals has become an important topic of present research. 

There are characteristic differences between the electro- 
chemistry of aqueous solutions and the electrochemistry of 
ionic erystals, but still more remarkable seems the fact that 
there are basic problems which can be treated by analogy. 
This is especially true with systems involving predominant 
ionic conduction. 

In the following, the analogies between problems of aqueous 
solutions and those of ionic crystals are stressed, in particular 
since the author has widely used such analogies in addition 
to concepts borrowed from physics and crystallography. 


Ionic and Electronic Conduction 


Between ionic and electronic conduction one may dis- 
tinguish in the following way. The passage of an electrical 
current necessarily leads to an electrochemical reaction at the 
boundary between a metal involving electronic conduction 
and an ionic conductor such as Agl. At a “‘eathode”’ where 
electrons and positively charged metal ions migrating in op- 
posite directions encounter each other, metal is deposited, 
eg., Ag? + e° = Ag. Conversely, at an “anode,” either metal 
is dissolved, or nonmetal such as chlorine is developed. 

The validity of Faraday’s law for solid conductors was first 
shown by Warburg and Tegetmeier (1), Haber and Tolloezko 
(2), and Bruni and Searpa (3). Later Tubandt and associates 
(4-9) conducted systematic investigations. In particular, 
they have shown that Faraday’s law holds with an accuracy 
better than 0.1 per cent in the case of the silver halides (AgCl, 
AgBr, Agl). 

Moreover, Tubandt (7) has shown that in the silver halides 
practically only cations are mobile. As indicated in Fig. | the 
weight changes of AgI pellets between silver electrodes were 
determined after a known amount of coulombs had been 
passed. The silver anode decreased its weight in accordance 
with Faraday’s law corresponding to the electrochemical re- 
action Ag (metal) = Ag* (in Agl) + e~ (in Ag). The weight 
of the Agl pellets 1 to 3, which could easily be separated 
from each other, was found to have remained constant. Ag! 
pellet 4 could not be separated from the adjacent cathodic 
silver evlinder. The weight increase of the latter combination 
equalled the weight loss of the anode. The constancy of the 
weight of Agl pellets | to 3 indicates that practically only 
silver ions migrate (with respect to the boundaries between 


' Palladium Medal Address presented at the Detroit Meet- 
ing, October 11, 1951 


* Department of Metallurgy, Massachusetts Institute of 
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tically do not migrate, since iodine ions eventually « riving 
the anode and reacting with silver ions originating ‘rom yi 
anode would lead to a weight increase of AgI pellet 4. 

On the other hand, PbCl.,, PbBr2, BaCls, and BaBr. 
practically only anionic conduction (6, 7, 9). 

“Mixed conduction” through both cations and anions ; 
comparable amounts is found in the alkali halides 4, 
PbI, (9). 

In contradistinction to the aforementioned substances the, 
is practically no electrochemical reaction at the bounda) | 
Cu/Cu,0 below 600°C. The same is true with many othdl 
oxides and sulfides. In these substances, conduction is dy 
preponderately to the migration of electrons. 

Precise measurements, however, show that at 1000°C the; 
is a fraction of about 0.05 per cent cationic conduction 
CuO (10, 11). The same is true for other oxides and sulfide 
e.g., (12, 13). 


Weight changes on passing 


0.001 faraday = 96.5 coulombs: 
- 108 +0 +0 +O +108 mg 
—_—_~ 
+ | Ag | AgI 2} AgI3/AgI4| Ag |4 
Ag’ 
—- 


Fig. 1. Electrolysis of Agl 


Small deviations from the ideal stoichiometric ratio o 
metal to nonmetal may affect the ratio of ionic to total cond 
ductivity to a large extent as has been shown especially 
the case of the monovalent cuprous halides (6, 14-16). 


The Mechanism of Ionic Conduction 


Frenkel (17) has suggested the following interpretation fof 
cationic conduction in AgCl and AgBr. In a state of therm 
dynamic equilibrium, some silver ions do not occupy prop 
lattice sites but interstitial sites as is shown in Fig. 2. This 


the so-called Frenkel disorder type. Silver ions on interstitial 


sites may jump to adjacent interstitial sites. A silver ion on al 


interstitial site may also push an adjacent silver ion on 


normal lattice site to an interstitial lattice site as is indicate 


on the right-hand side of Fig. 2. In addition, a silver ion on @ 


normal lattice site may move to an adjacent cation vacane 
indicated by a square in Fig. 2, whereby a cation vacancy | 
created at the original position of the migrating silver ion] 
In this way, both cations on interstitial positions and catio! 
vacancies contribute to the electrical conductivity. In prince! 
ple, anions on interstitial sites and anion vacancies will als 
be present. Since the fraction of anionic conductivity is les 
than 0.1 per cent, the concentration of anion defects ma 
tentatively be assumed to be small in comparison to thi 
concentration of cation defects. 

Extreme cases of the Frenkel disorder type oeeur in th 
high temperature modifications of Agl, Ages, Cue, 
Ag-Hgl,, in which compounds the cations are dist: 
essentially at random on a relatively large number o! near!) 


equivalent sites, whereas the anions form a norm”! well 
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red structure as has been found by means of x-ray investi- 
(18-20). 

‘In alkali halides, both cations and anions contribute to 
trical conduetion. Consequently, there must be mobile 
ions and anions as well, i.e., either interstitial ions and /or 
ancies. Schottky (21) has shown theoretically that inter- 
ial cations and anions are rare in view of the high energy 
wired for their formation. As a limiting case, one has the 

called Schottky disorder type with only cation and anion 
ancies in equivalent concentrations, which is shown in 

3. 

Other theoretical limiting cases are: (a) the anti-Frenkel 
order type with interstitial anions and anion vacancies in 
ul concentrations, and (6) the anti-Schottky disorder type 
th interstitial cations and anions in equivalent con- 
itrations. 


Ag* 


+ + 


Cl Ag ci” cl” Ag 


Fie. 2. Lattice defects in AgCl (Frenkel disorder type) 


+ 


K ci” 


hia. 3. Lattice defeets in KCI (Schottky disorder type) 


As a superordinate concept for interstitial ions and 
wancies one may use the term “lattice defect.”” The relative 
reponderance of certain lattice defects is determined es- 
atially by the energy changes accompanying the formation 
the various pairs of lattice defects from an ideal crystal as 
is been discussed by Schottky (21) and Jost and Nehlep 
2). Calculations for the formation of vacancies in alkali 
ilides have been refined by Mott and Littleton (23) and 
lutner, du Pré, and Rittner (24). 


the Degree of Disorder in Silver Halides and Alkali 
Halides 


Koch and Wagner (25) have shown how one may deter- 
ine the concentrations of the various lattice defects in a 
uven salt from measurements of the electrical conductivity, 
‘nusferenee numbers, lattice parameters, and pyknometric 
ensiticsof the pure salt and solid solutions involving additives 
ith different cation/anion ratios, e.g., CdBre or AgeS in 
\eBr 

The thermodynamic e juilibrium between interstitial cat- 
is, cation vacancies, and silver ions on normal lattice 
ositions, may be treated as an analogue to the equilibrium 


= + OF (I) 


ueous solutions where H,O* ions may be considered 
“yrotons on interstitial sites’ and OH™ ions as “proton 
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vacancies.” Apart from the migration of H;O*+ and OH™ ions, 
electrical conduction is due to proton transfer between H,O0* 
ions and H.O molecules and between OH™ ions and H,O mole- 
cules, respectively. 

In aqueous solutions, one has the well-known equilibrium 
condition 


x CHo- = (11) 


where the symbol ¢ denotes concentrations in mole/em*. 
In pure water, i.e., if no other ions are present, the concen- 
trations of H,O* and OH™ ions must be equal according to 
the stoichiometric equation (I). Thus 


= = Ke! (111) 


where the degree superscript sign is used in order to denote 
concentrations in pure water. 


As an analogue to equation (1), one has for solid AgCl or 
AgBr 


Ag* on normal lattice site = Ag* on interstitial site 

IV 

+ Ag* vacancy. 
Assuming the validity of the laws for ideal dilute solutions, 

one has the equilibrium condition 


Co = K (V) 


where ¢o and ¢, are the concentrations of Ag* ions on inter- 
stitial sites and Ag* vacancies, respectively. Equation (V) is an 
analogue to equation (1). In pure AgCl or AgBr the concen- 
tration of interstitial cations must equal the concentration 
of cation vacancies if no other lattice defects are present. 


Thus 


The ratio of the number of interstitial cations or cation 
vacancies to the total number of cations has been designated 
as the “degree of disorder” @ as an analogue to the degree of 
dissociation in aqueous solutions. Both values may be ob- 
tained from conductivity measurements. The electrical con- 
ductivity of pure water may be expressed as 


K°(H,O) = 0+ X Unjzot + cou- X (VID 


where F is the Faraday constant and uysyo+ and uoy— are the 
mobilities which also include the contribution of proton 
transfer. The mobilities may be derived from measurements 
of the electrical conductivity of solutions with known concen- 
trations of these ions. For instance, the electrical conductivity 
of a dilute solution of hydrogen chloride of concentration 
equals 


K(HCI in HO) = + uei-)ener. (VID 


Hence it follows that 
Un,ot = X in H.O)/(Fene; (1X) 


where ty,9*tare1 is the transference number of H;O0* ions in 
a dilute HCI solution. Similarly, the mobility of OH~ may be 
derived from the electrical conductivity of dilute NaOH 
solutions. Then one obtains from equation (VII) the following 
equation used first by Kohlrausch and Heydweiller (26) 


= Con- = + “You )}. (X) 


In the case of solid salts, one may proceed in a similar 
fashion in order to obtain the concentration of lattice defects 
as has been shown, e.g., for AgBr by Koch and Wagner (25) 


Ag 

A 

Ag 

| 
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and Teltow (27). The electrical conductivity of pure silver 
bromide may be expressed as 


K°(AgBr) = F(eguo + (XD) 


where uo and up are the mobilities of silver ions on interstitial 
sites and cation vacancies, respectively. 

The mobility of cation vacancies, up, is to be derived from 
measurements of the conductivity of solutions involving 
known concentrations of cation vacancies. Such solutions are, 
e.g., solid solutions of PbBr, or CdBr, in AgBr. Since in CdBr, 
the cation /anion ratio is 1/2 instead of 1/1 in AgBr, a solid 
solution of CdBr, in AgBr is possible only if there are excess 
anions on interstitial sites, or a cation vacancy for each deficit 
cation. In view of the large size of the anions, only the latter 
possibility is to be considered (Fig. 4). According to the 
equilibrium condition in equation (VI), the concentration of 


2+ 
cd Br Ag’ Br 


Br Ag’ Ag 


Fia. 4. Solid solution in AgBr + CdBr. 


cation vacancies is increased. Since the crystal as a whole 
must be electrically neutral, one has 


Coatt@e = (XII) 


where ¢ca++@ is the symbol of a cadmium ion substituted 
for a silver ion. For sufficiently high concentrations of CdBr. 
in AgBr, one may disregard the presence of interstitial silver 
ions and thus obtains for the conductivity of a solid solution 
of CdBrz in AgBr 


«(CdBre in AgBr) Fupep 
(XID) 


= if > Co- 


In accordance with equation (XIII) it has been found 
that the electrical conductivity of a solution of CdBr. in 
solid AgBr is nearly proportional to the CdBr, content in a 
rather wide concentration range, e.g., between 0.2 and 4 molar 
per cent at 250°C. Thus the mobility of silver ion vacancies 
may be calculated as 


ug = «(CdBr, in AgBr) /(Fecatte). (XIV) 


In principle, it should be possible to obtain the mobility 
of interstitial silver ions in a similar fashion from the con- 
ductivity of solid solutions of AgsS in AgBr involving excess 
cations. Teltow (28) has shown that in fact the presence of 
Ag.S increases the electrical conductivity of AgBr (up to 50 
per cent at 175°C). Unfortunately, however, the solubility of 
Ag.S in silver halides is so small that one cannot prepare 
solutions in which ¢o > cg. Therefore one cannot obtain 
directly the value of uo. 

The right-hand side of Fig. 5 shows a minimum of the 
electrical conductivity of AgBr at rather low concentrations 
of CdBry. In this range the increase in the concentration of 
cation vacancies nearly equals the decrease in the concentra- 
tion of interstitial cations. The minimum in Fig. 5 therefore 
indicates that the mobility of interstitial cations is higher 
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than that of cation vacancies (25). A quantitative sralysis, 
the plot in Fig. 5 yields the ratio up /ug (27). Ther: from on 
may also calculate the value of uo. 

Hence one has 


= ¢g = «°(AgBr)/[F(uo + (XV 


as an analogue to equation (X). Subsequently one may ¢qj 
culate the degree of disorder defined above. 

This procedure presupposes the validity of the laws , 
ideal dilute solutions, and therefore is applicable only to sf 
tems with rather low concentrations of lattice defects ay, 
additives. At higher concentrations there are the same cor, 
plications as in aqueous solutions, viz., electrostatic intera, 
tion and association. From a theoretical point of view. th 
evaluation of experiments involving low concentrations 
most desirable. However, the lower the concentrations 
lattice defects and additives, the less reliable are the expel 
mental values because of the presence of unknown impuritie 
and other difficulties. 


Fic. 5. Electrical conductivity « vs. mole fraction Ncdsg 


for solid solutions AgBr + CdBre. 


Consequently, results for higher concentrations have to be 
used after corrections for deviations from the limiting laws 
for dilute solutions have been provided. These corrections 
‘cannot be calculated with a high degree of accuracy but ma 
be estimated within certain limits. Results obtained in this 
way by Teltow (27) are compiled in Table I. 

If in equation (VI) for pure silver bromide the concentra 
tion of cations on interstitial sites is set equal to the concet 
tration of cation vacancies, it is implied that the concentratio! 
of anion vacancies is negligible, i.e., is less than ten per cent 


of the concentration of cation vacancies. This assumption !s 


in accordance with the results of determinations of the pykno 
metric density and the lattice parameter from x-ray investig: 
tions (29, 30) and with measurements of the pressure de 
pendence of the electrical conductivity of AgBr (31, 32). 0! 
the other hand, the assumption of the Schottky disorder ty) 
suggested for AgBr by Mitchell (33) is in conflict with th 
aforementioned results, with the increase of the electrica 
conductivity of AgBr by addition of Ag.S (28), and with 


the existence of a minimum of the conductivity of solid solu-J 


tions of CdBr, in AgBr as a function of the AgBr content 
(25, 27). The existence of anion vacancies has been show! 
qualitatively by a finite diffusion rate of sulfur ions in AgBi 
(28) and by optical observations on solid solutions of Ag 
in AgBr according to Stasiw (34). Thus, the concentratio! 
of anion vacancies in AgBr at 250° to 400°C may be betwee! 
0.01 and 10 per cent of the concentration of cation vacancies 

Kelting and Witt (35), Wagner and Hantelmann (36) [tze! 
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| Maurer (37), and Haven (38) have conducted analogous 
estigations on KCl, NaCl, and the lithium halides. These 
yeriments have been evaluated under the assumption that 
«ually only cation and anion vacancies are present. The 
thematical relations are essentially of the same type as 
ve for silver halides, but quantities referring to anion 
ancies appear instead of those referring to interstitial 
tions. Results for KCl are compiled in Table IT. 


"BLE I. Degree of disorder a in solid AgBr according to 
Teltow (27) 


Temperature (°C) | a 
200 0.7 X 
225 1.5 X 10-4 
250 3.4 10-4 
6.9 X 1074 


275 


"ABLE Il. Degree of disorder a in solid KCl according to 
Wagner and Hantelmann (36) 


Temperature (°C) 


a 
600 0.8 X 10° 
325 | 1.2 X 
650 | 2.1 X 10-5 
675 3.0 X 10-5 
700 4.1 X 1075 
725 5.7 X 


Solid Solutions with Anionic Conduction 


According to Croatto and Bruno (39) the ionic condue- 
wity of Sr® +s increased by dissolution of LaF; owing to 
the presence of F~ ions on interstitial sites. On the other 
nd, ionie conduction in the oxides of tetravalent metals 
th oxides of trivalent metals as solutes (CeO, + La,.O;; 
4), + Y¥.O3) is due to anion vacancies (40). Conduction via 
ion vacancies also accounts for the increase of the electrical 
nductivity of PbCl, caused by small amounts of KCI or 
(41-45). 


Solubility Problems 


In the case of aqueous solutions, the concept of electrolytic 
sociation of the solvent and dissolved substances has far- 
aching consequences apart from electrochemical problems. 
rinstance, in a solution saturated with thallium hydroxide, 
volving the equilibrium 


TIOH (er) = Tit + OH, (XVI) 
e product of the concentrations of TI* and OH” ions is 
ual to a constant called solubility product, 


X Con- = Lion. 


(XVID 


Consequently, the concentration of thallium ions in a 
vlution saturated with thallium hydroxide is decreased by 
\ding another electrolyte furnishing OH™ ions, e.g., sodium 
droxide. 

The stoichiometric equation for the dissolution of PbCl, 
solid AgCl reads 


PbCl.(er) = Pb**@ + cation vacancy + 2Cl-. (XVIII) 
Hence one has the equilibrium condition 


X Co = (XIX) 
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where the concentration of Cl- ions on normal lattice sites 
is omitted because this concentration is constant. 

From equation (XIX) it follows that another solute which 
increases the concentration of cation vacancies will decrease 
the equilibrium concentration of lead in AgCl as solvent in 
equilibrium with solid lead chloride. This has been confirmed 
experimentally with CdCl, as second solute by Wagner and 
Zimens (46). Results for small additions of CdCl, (up to about 
0.8 molar per cent) agree with values predicted by using the 
ideal law of mass action, but deviations occur at higher con- 
centrations of CdCl, in the same manner as in aqueous solu- 
tions because of electrostatic ionic interaction (47). 


The Mechanism of Electronic Conduction 


In a pure ionic crystal with an ideal stoichiometric ratio of 
metal to nonmetal, electronic conduction becomes possible 
by a disorder equilibrium of electrons which is analogous to 
the Frenkel disorder equilibrium for cations. The first theo- 
retical treatment has been given by Wilson (48). 

At low temperatures, practically all electrons are bound in 
the shells of the constituent ions of the crystal. At higher 
temperatures, however, some electrons assuine a higher energy 
characteristic of the “conduction band,” thus leave their low 
energy positions, migrate at random as “‘interstitial electrons,” 
“quasi-free electrons,”’ or “excess electrons,” and contribute 
to electronic conduction. In addition, there is the possibility 
of an exchange of electrons between ions with normal shells 
and ions with incomplete shells, having an “electron vacancy” 
or an “electron hole.” 

As an analogue to equation (IV) one has 


e (XX) 


where e~ denotes an electron bound in the lattice, G an excess 
electron, and @ an electron hole, representing an excess posi- 
tive charge in comparison to an ideal lattice region. 

Since the electron shells of the ions of a lattice overlap, 
electrons cannot be assigned unambiguously to a particular 
constituent of the lattice. In view of the behavior of gaseous 
or dissolved ions with different valence states, however, one 
may interpret excess electrons and electron holes in terms of 
ions having an anomalous valence state. For instance, an 
excess electron in CuO may be interpreted as an electron 
associated with a Cu** ion, i.e., a Cu* ion, whereas an electron 
hole in CuO may be formulated as a Cu** ion, which has one 
electron less than the ubiquitous Cu** ions (49). In view of 
the overlapping electron shells these formulations represent 
only a first approximation, from which closer approximations 
may eventually be obtained as has been shown by 
Dressnandt (50). 

In the “chemical theory”’ used preferably in this review, 
the location of the electron is the primary factor, whereas in 
the “band theory” based on concepts of wave mechanics the 
energy of the electron is the primary factor. Both factors are, 
of course, interrelated. Chemical theory and band theory are 
approximations and supplement each other as has been 
pointed out by Wagner (49, 51), Schottky (52), Stéckmann 
(53), and others. 

In a pure ionic compound having the ideal stoichiometric 
composition, the concentration of excess electrons and elec- 
tron holes must be equal, 


(XX1) 
This is the condition for so-called intrinsic semiconductors, 


which is an analogue to equation (VI) for ionie conductors. 
Under most conditions, however, equation (XXT) does not 


Co = Ce. 
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apply because of small deviations from the ideal stoichio- 
metric ratio of metal to nonmetal as has been pointed out by 
Gudden (54), Wagner (55), Meyer (56), and others. Since in 
most cases the significant deviations from the ideal stoichio- 
metric ratio of metal to nonmetal are extremely small, it is 
profitable to replace this ratio by the nonmetal partial pres- 
sure in a coexisting gas atmosphere as an independent thermo- 
dynamic variable. At high temperatures, the electronic 
conductivity of many oxides, sulfides, and halides has been 
found to be a single-valued function of the partial pressure of 
nonmetal over the sample (10, 16, 55, 57-68). For instance, 
in the case of ZnO, the electrical conductivity at 600°C is 
approximately inversely proportional to the fourth root of 
the oxygen partial pressure. By and large, an increase of the 
conductivity with decreasing nonmetal partial pressure (in- 
creasing metal partial pressure) indicates that conduction is 
mainly due to an excess of metal, presumably present in the 
form of metal ions and quasi-free electrons (n-type semi- 
conductor). The excess metal ions may occupy interstitial 
lattice sites as is probable in the case of zine oxide (57). In 
contrast, TiO with excess titanium contains anion vacancies 
rather than interstitial cations (69). 


+ 2+ + + 
Cu Cu Cu Cu 
Fig. 6. Lattice defects in Cu,O with oxygen excess (= metal 
deficit). 


The electrical conductivity of cuprous oxide at 1000°C is 
proportional to the seventh root of the oxygen partial pres- 
sure (10). An increase of the electrical conductivity with 
increasing nonmetal partial pressure (decreasing metal partial 
pressure) indicates that electronic conduction is mainly due to 
an excess of nonmetal, equivalent to a deficit of metal. In 
this case, the electrical conductivity is mainly determined by 
electron holes (p-type semiconductor). A model of cuprous 
oxide is shown schematically in Fig. 6, where cation vacancies 
are indicated by a square, and electron holes are formulated 
as Cu** ions, i.e., copper ions which have one electron less 
than the surrounding monovalent copper ions. The oxygen 
take-up of cuprous oxide may be expressed by the stoichio- 
metrie equation 


O.(gas) +4 Cut + 4c” = CuO + 4 cation vacancies 


+4@. (XXII) 


Thus the ideal law of mass action gives the equilibrium 
condition 


ch = K 


P02 


where ¢p is the concentration of cation vacancies. 
If there are no other disorder equilibria, it follows from 
equation (X.XIT) that 


Cp = Ce. (XXIV) 
Upon combining equations (XXIII) and (XXIV), 


Co = co = (Kpo,)'. (XXV) 
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Hence, if the mobility of electron holes is inde; ‘ndeng | 


concentration, the electrical conductivity due t elect 
holes becomes proportional to the eighth root of t © oxyodl 
partial pressure in close agreement with the ex). rimens 


result mentioned above. 

A similar situation is found in FeO, CoO, and \.0. Po, 
given temperature and ambient oxygen partial pressure. ¢} 
concentrations of cation vacancies and electron |oles 
much higher in FeO than in CoO, and those in CoO ave hig} 
than those in NiO (57, 59) in accordance with the relgtiy 
stability of the trivalent state of Fe, Co, and Ni in aque 
solutions and under other conditions. This illustrates 4 
heuristic value of the chemical interpretation of electron ho} 

By and large, p-type conduction is favored if the eatic, 
of a compound tend to assume a higher valence state, wher 
n-type conduction is favored if the cations tend to assuny 
lower valence state (55). 

Some compounds exhibit both p-type and n-type condud 
tion, depending on the chemical conditions (70). For 
stance, the electrical conductivity of PbS decreases with 
creasing sulfur partial pressure if the sulfur partial pressur 
low and, accordingly, an excess of metal is present. On 1 
other hand, the electrical conductivity increases with 
creasing sulfur partial pressure if the sulfur partial pressure j 
high and there is an excess of sulfur or deficit of metal. At 
intermediate sulfur partial pressure, PbS assumes the id 
stoichiometric composition with equal concentrations of 
cess electrons and electron holes. Thus, a given compou 
may be an intrinsic semiconductor (cg = ce), an n-type ser 
conductor (¢q ¢@), or a p-type semiconductor (ce > 
under different chemical conditions. 

A similar behavior is found in the case of the chenaical e} 
ments Si and Ge, which also may be intrinsic, n-type, 
p-type semiconductors, depending on temperature and t 
content of foreign elements such as P and B, which are eit! 
electron donors or electron acceptors (71-72). 

The systems mentioned thus far show a relatively sim 
behavior. In addition, there are more complex cases invol\ 
more than two types of lattice defects. A general theory 
such equilibria has been presented by Schottky (52). 

Pohl, Hilsch, Mollwo, and their associates have thoroug! 
investigated the behavior of alkali halides under variwu 
conditions (73, 74). In alkali halides with 
metal, most of the electrons are trapped in anion vacanci 
(F centers). The electronic component of the conductivity | 
determined by the temperature dependent equilibrium | 
tween trapped and free electrons because only free electron 
contribute to the electrical conductivity. In addition to 
centers, there are other centers each of which is characterize 
by a particular absorption band. 

Association equilibria between lattice defects of oppos't 


excess of alkal 


sign of the effective electrical charge will become particular 


important at lower temperatures. The large variability of t 

electrical conductivity of CuO at room temperature, rang! 

from to ohm™ (75) and the great influence 

the cooling rate of the samples suggests that the formation | 
clusters as prestages for the precipitation of other pha 
such as CuO may also play an important part. At the present 
the behavior of such systems, which seemingly are not 

state of complete thermodynamic equilibrium, is not we! 
understood. 

stem 


New interesting features are found in ternary * 
especially at higher temperatures at which the afcreme! 
tioned complications may be disregarded. Verw: 
Wagner (77), Hauffe (78-83), and their associates ha\ 
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tthe electrical conductivity of oxides and sulfides under 
sven nonmetal partial pressure may be changed consider- 
» b) small amounts of other ionic compounds which 
ease or decrease the concentration of interstitial ions or 
ancies and thereby increase or decrease the excess or the 
seit of metal, i.e., the concentration of excess electrons or 
tron holes. 
for instance, the electrical conductivity of ZnO at 600°C 
ler an OXYgen partial pressure of | atm is increased by a 
tor of 50 upon addition of | weight per cent Ga,OQs (77). 
knee GasOs contains only 2 cation for each anion, there will 
seation vacancies in a solid solution of GasOs in ZnO with- 
t excess of metal. Cation vacancies favor the take-up of 
ess zine in form of zine ions and excess electrons. Thus the 
ctrical conductivity of a solid solution ZnO + Ga.Qs is 
sher than that of ZnO under a given oxygen partial pressure. 
‘nilar effects have been obtained with and as 
.olutes, whereas Li,O having an excess of cations has the 
posite effect (79). 
In nickel oxide the situation is reverse. The electrical con- 
vtivity of NiO is inereased by addition of LigO (76, 80). A 
vid solution of Li,O in NiO without excess or deficit of metal 
be formed with one anion vacancy for each Li,O present. 
Thus the take-up of oxygen will be favored. Each oxygen atom 
tering the lattice needs two electrons in order to form an 
gen ion and thus creates two electron holes, i.e., Ni? ions. 
: limiting case, one may expect that each Li,O leads to 
eformation of 2 Ni** ions. This scheme has been confirmed 
the observation that the electrical conductivity of a solid 
ition NiO + Li,O at 1000°C is proportional to the Li,O 
tent and independent of the ambient oxygen partial pres- 
re (80). In contrast, the electrical conductivity of NiO 
thout Li,O is about proportional to the fourth root of the 
gen partial pressure as has been mentioned above. 
Dissolution of CroOs; in NiO leads to the formation of 
tion vacancies. Thus the formation of additional cation 
ancies resulting from the take-up of oxygen becomes less 
bable and the electrical conductivity of a solid solution 
() + CroOs is considerably less than that of NiO under a 
oxygen partial pressure (SO). 


lifusion Process and Chemical Reactions Involving 
Ionic Crystals 


ln reactions involving solids, the reactants frequently 
come separated from each other by a coherent layer of the 
«tion product. Then the reaction can proceed only as far 
the reactants diffuse across the separating layer. In ionic 
stals it is plausible to assume that the elementary diffusing 
ticles are ions and electrons. In many cases, the migration 
electrically neutral particles seems negligible, although in 
yme cases electrically neutral particles do migrate, e.g., I, 
lecules in KI, presumably via cation-anion pair vacancies, 
‘has been shown by Mollwo (84). By and large, the electro- 
emistry of ionic crystals is closely interrelated to the kinetics 
chemical reactions involving ionic crystals as reaction 
mducts. In particular, if the reaction is diffusion controlled, 
( electrically neutral particles do not migrate appreciably, 
‘is possible to calculate the rate from electrochemical meas- 
ements on the reaction product (85-91). Moreover, one 
iy prediet whether additives will increase or decrease the 
neentration of mobile ions and electrons by changing the 
neentration of interstitial particles or vacancies, and ac- 
‘liigly will inerease or decrease reaction rates (92-97). 
The following types of reactions have been investigated. 
|. ‘fa metal is exposed to air at elevated temperatures, an 
ide layer is formed on the surface of the metal. In many 
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cases the rate is inversely proportional to the instantaneous 
thickness of the oxide layer, and accordingly the thickness in- 
creases proportionally to the square root of time (parabolic 
rate law) as has been found first by Tammann (98) and Pilling 
and Bedworth (99). This indicates that the reaction is es- 
sentially diffusion controlled. If copper is oxidized in air of 
atmospheric pressure at 1050°C, only cuprous oxide, Cu.0, 
is formed. From electrochemical investigations it is known 
that copper ions can migrate via cation vacancies, and elec- 
trons via electron holes. Thus, according to Wagner (85), the 
formation of cuprous oxide may be interpreted by migration 
of copper ions and electrons from the Cu/Cu,0 interface to 
the outer CuO surface where oxygen is available and new 
lattice layers of cuprous oxide are formed. This working 
hypothesis leads to a formula for the calculation of the oxida- 


METAL | OXIDE | OXYGEN 


METAL IONS 


ELECTRONS 


OXYGEN IONS 


B 
ELECTRONS 


Fic. 7. Migration processes in an oxide layer during the oxi- 
dation of a metal. 


Fe 2 
| | 
4 \ Ag 
FeO \ 
2e 
\ Ag Br + 
\ 9 Ag 
\ 
/ ’ Br 
co co, 
Fig. 8 9 
Fig. 8. Reduction of iron oxide by means of CO om 


Fic. 9. Reduction of AgBr by ferrous salt in aqueous solu- 
tion. 


tion rate from the electrical conductivity of cuprous oxide 
and the transference number of copper ions as functions of 
the oxygen partial pressure of a coexisting gas atmosphere. 
The validity of this formula has been confirmed by Wagner 
and Griiewald (87). 

Wagner’s general scheme is shown in Fig. 7. In many 
“ases, cations rather than anions migrate. In magnetite, how- 
ever, the migration of anions also contributes to the observed 
oxidation rate as has been shown by Davies, Simnad, and 
Birchenall (100). In other cases, preponderating anion migra- 
tion is probable (88), although there is not yet a direct experi- 
mental proof. 

2. Migration of ions and electrons also plays an important 
part in the reduction of oxides, sulfides, and halides (101-103), 
e.g., in the reduction of iron oxide by means of CO as is shown 
in Fig. 8. Mott and Gurney (104, 105) and others (106, 107) 
have suggested a similar mechanism for the development of 
the latent image of the photographic plate (Fig. 9). This 
mechanism is supported by recent experiments carried out by 
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Jaenicke, Kriiger, and Hauffe (108). According to these 
authors the rate of the reduction of AgBr on a silver foil by 
means of ferrous oxalate in aqueous solution is considerably 
increased by connecting the silver foil covered by AgBr with 
enother bright silver foil which is more accessible to ferrous 
oxalate. 

In addition to the mechanisms shown in Fig. 8 and 9, how- 
ever, there are direct reactions at the three-phase boundaries 
metal /compound /gas or liquid containing the reducing agent 
(109, 110). 


! 
Agl Ag.Hgl, Ag,Hgl, | Hgl, | 
2Ag 
Reactions 4Agl 2HgI- 
- 2Aq* Hg** 
phase 
boundaries | * ' +2Ag 
Ag, Hal, = Ag,Hgl, 
10. Formation of AgHgl, 
+ + + 
Cu=Cu +e Cu + AgCl = Ag+CuCl 
CuCl 
+ 
Cu Ag AgCl 
= 
Ag 
+ = 
Ag+e =Ag 


Fig. 11. Migration processes accounting for the reaction 
Cu + AgCl = Ag + CuCl. 


3. Simple ionic compounds frequently combine with each 
other and form compounds of higher order, e.g., 


2 Agl + Hgl. = Ag-Hgl,. (XXVI) 

The reaction product separates the reactants from each 
other. It seems plausible to assume migration of ions rather 
than migration of molecules. According to Koch and Wagner 
(90) Ag* and Hg** ions migrate in opposite directions (Fig. 
10). The mechanism of the formation of spinells and silicates 
has not yet been clarified (111). 

4. According to Wagner (91), migration of ions (and elec- 
trons) also makes possible reactions with two solid reaction 
products, e.g., AgCl + Cu = CuCl + Ag, 2 AgCl + Pb 
= PbCl, + 2 Ag, Co + CuO = CoO + 2 Cu, AgCl + Nal 
= AgIl + NaCl (Fig. 11). 

In the aforementioned reactions there must be gradients 
of the chemical potentials of the components, or gradients of 
composition corresponding to the different boundary condi- 
tions at the interfaces with the different reactants (e.g., 
Cu/Cu.0 and Cu,0/O,). Consequently, a thorough knowl- 
edge of the electrochemistry of the ionic crystals involved is 
necessary before a detailed theoretical analysis of diffusion 
processes determining the rate of a chemical reaction can be 
made (86-88). 
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Conclusions 


In spite of some analogies, the electrochemistr. of jp, 
crystals is more complex than the electrocheraistry ©: aque 
solutions. Even in the case of a pure compound, there are j 
principle, six types of lattice defects which may contribute 4 
the electrical conductivity, viz., (a) interstitial cations. 
cation vacancies, (c) interstitial anions, (d) anion \acanei 
(e) excess electrons, and (f) electron holes. In general, so 
types of lattice defects will be negligible. But much skill ay 
labor are needed in order to ascertain the validity of sip 
plifying assumptions. In addition to the aforemention, 
lattice defects, there may be electrically neutral defects eye 
as cation-anion pair vacancies, electrons associated with , 
anion vacancy (F centers), and other “associated” complexe 
Thus the variety of lattice defects is similar to the variet) 
constituents in an aqueous solution of Cdl, or HgCh. 

In addition to investigations on pure compounds, invest 
gations on solid solutions involving known or thermod 
namically defined concentrations of solutes are particular 
important. In many cases, the electrical conductivity oj 
substance having an excess of metal or nonmetal, or contaiy 
ing ¢ foreign ionic compound is much greater than the ek 
trical conductivity of the pure solvent. Then, for m 
purposes, one may disregard defects prevailing in the pu 
substance for the same reason as one may disregard the d 
sociation of water in many investigations with aqueou 
solutions. The presence of a well-defined excess of metal 
nonmetal and of definite amounts of foreign substances | 
particular importance for the industrial production of sen 
conductors with reproducible qualities. 

To illustrate the leading principles, typical and seeming 
simple systems have been quoted. The existence of mor 
complex situations, however, must not be overlooked. 

It is shown how the constitution of the various syste: 
can be derived from the results of conductivity and trans 
ference measurements, equilibrium investigations, and x-r 
investigations. The conclusions are supported by the result 
of other methods, e.g., measurements of the Hall effect, t! 
thermoelectric power, optical properties, ete., which are n 
discussed in this review. 

It is also shown how the results of electrochemical investig 
tions on ionic crystals may be applied to the interpretation 
the kinetics of chemical reactions involving diffusion process 
in ionic crystals. The interpretation of catalytic reactions 0! 
the surface of ionic crystals is another important applicati! 
(112-119) but is beyond the scope of this review. 
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ELECTROCHEMISTRY IN BIOLOGY AND MEDICINE 


ELECTROCHEMISTRY IN BIOLOGY (1902—52) 
L. G. Longsworth 


In opening a recent conference on bioelectric phenomena, 

J. \. Osterhout (1) invoked the ghost of Luigi Galvani to 
wage in the following conversation with the conference 
ticipants: 

“In 1791 I published some observations on frogs legs. I 
ticed that in contact with copper and iron they twitched 
grously. Can you tell me why this happens?’ 

“We fear that we cannot give you a satisfactory answer. 

spite of much study the cause is not clear.” 

“It is a long time,” he answers, “‘since the first observations 
ere made.” 

Yes, it has been a long time but the problems posed by this 
periment are fundamental ones indeed. Included are the 
»- and mechanochemistry of muscular activity, the nature 
| conductance mechanism of the nerve impulse and, of 
st interest to the electrochemist, the phenomena accom- 
nying the transport of charged particles in solution and 
ross phase boundaries. 

\etually, much has been learned about ionic transport in 
vlution, otherwise known as electrophoresis. Almost entirely 
thin the lifetime of The Electrochemical Society, it has been 

eloped into a tool of particular value to biochemical and 
elieal research. Consequently, it will be one of the topics 
usidered in this survey. 

It was also recognized quite early that when two conduct- 
g, homogenous phases were placed in contact a difference 
electric potential between them could be expected. Different 
mes have been assigned to the various possibilities. Those of 
ost interest to us are the contact potential between two 
etals, the electrode potential between a metal and a con- 
ting solution, the liquid junction potential between two 
vlutions in a common solvent, and the phase boundary po- 
ential between two immiscible solutions. In any complete 
ectric cireuit designed to measure these potentials at least 
three of them must be present and the combination is quite 
ttingly known as a galvanic cell. All of the possibilities men- 
toned above doubtless contributed to Galvani’s original 
servation. 

Within the lifetime of this Society the galvanic cell has been 
vd in innumerable researches of interest to the biologist. 
lhese include studies of acid-base and oxidation-reduction 
uilibria and the development and application of the polaro- 
suiph. Metals are, however, not constituents of living: matter. 
‘hus, in physiology, it is the electrochemists’ work on liquid 
inction and phase boundary potentials that has found ap- 
ation, and this will receive special attention in a brief 
view of galvanic cell development 


Electrophoresis 


It was soon after the turn of the century that Hardy (2) first 
‘luded the moving boundary method as one of several 


chniques in a remarkable investigation of serum globulin. 


\iter dialysis of a solution of this material against dilute acetic 
id he formed a boundary between the solution and the 
wlysate in each side of a U-tube by allowing the heavier 
‘otein solution to flow under the acetie acid from a reservoir 
necting with the bottom of the U. On application of a 
ote: tial difference between electrodes dipping into theaicetic 


iboratories of the Rockefeller Institute for Medical Re- 
1, New York, New York. 


acid above the boundaries, he observed that the one boundary, 
rendered visible by the opalescence of the protein solution, 
rose toward the cathode, while that in the other side of the 
tube descended. If the globulin was dissolved in dilute alkali 
the boundaries moved anodically, 
amphoteric nature of the protein. 

Solutions of many proteins are, however, quite clear and 
the boundaries correspondingly difficult to see. Many subse- 
quent workers resorted, therefore, to the Hittorf, or trans- 
ference method as it is sometimes called, to determine the 
mobilities of protein ions. Much of this work had as its chief 
object the determination of the pH at which the protein does 
not move in an electric field, i.e., its isoelectric pH. This was 
true of the work of Michaelis and his associates (3). To him 
we are indebted for emphasizing the necessity of controlling, 
with the aid of buffers, the pH of the protein solution and for 
introducing the use of reversible, nongassing electrodes. 

The outstanding developments in the electrophoresis of 
proteins by the moving boundary method were made, how- 
ever, by Tiselius (4). In 1937 he described “A New Apparatus 
for Electrophoretic Analysis of Colloidal Mixtures” that has 
developed into one of the most useful tools of biology and 
medicine. In order to increase the precision of the method as 
applied to proteins, Tiselius designed a cell in which the 
initially sharp boundaries between protein and buffer solu- 
tions, that are essential to the success of an experiment, are 
formed by a shearing technique, as in a stopeock, and with 
which the Foucault-Toepler schlieren optical method could 
be used to observe and photograph the changes of refractive 
index that inevitably occur at such boundaries. Also essential 
to the best performance of this equipment is the use of a 
thermostat regulating near the temperature of maximum 
density of the solution, i.e., t < 4°. Advantage is thereby 
taken of the fact that in such a thermostat the temperature 
gradients developed in dissipating the heat produced by the 
current are not accompanied by significant differences of 
density. At other temperatures the boundaries are frequently 
disturbed or destroyed by the convection resulting from these 
density gradients. 

Although the Tiselius method is widely used to determine 
the mobilities of protein ions, its most important application 
has been for the analysis of mixtures such as blood serum 
(5-8). This application is possible because the mobilities of 
the various proteins that may be present in a mixture usually 
differ from each other. Initially, each species occupies the 
same portion of the channel but on passage of the current the 
zone in which a given protein is present moves at a rate 
proportional to its mobility and thus progressively separates 
from zones occupied by species having different mobilities. 
Thus, in the ideal case the initial boundary in each side of the 
channel splits, on passage of the current, into a number of 
separated boundaries equal to the number of species having 
different mobilities. Below each of these separated boundaries 


thus confirming the 


a species is present at the same concentration as in the original 
mixture but absent above and is said to disappear across the 
boundary. Owing to the close proportionality between re- 
fractive index and concentration, measurement of the differ- 
ence in this index across each boundary affords an analysis of 
the mixture. 

In recent years the methods for the measurement of the 
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refractive indexes in, and across, the boundaries have been 
extended and improved so that a precision of 2 x 10~7 in this 
index is now attainable (5). Owing, however, to uncertainties 
in the interpretation of the boundary patterns the precision 
in the analyses has not kept pace. The difficulty arises in the 
assumption of the ideality of the process, i.e., that the protein 
ions contribute to the refractive index of the solution but not 
to its conductance. At protein concentrations of a few per 
cent or less, and at pH values not too far removed from the 
isoelectric pH, the conductance due to the protein is small in 
comparison with that due to the buffer ions but is by no means 
negligible. Consequently, at each boundary across which a 
protein disappears there are superimposed small gradien‘s of 
other species that render the refractive index difference for 
this boundary an approximate measure only of the concentra- 
tion of the disappearing protein. While this is not a serious 
limitation of the method for comparative analyses, e.g., the 
blood serum proteins in health and disease, it is exasperating 
that the inherent precision of the method cannot be fully 
realized. 

Undoubtedly, the most significant advance in moving 
boundary theory during the past half century has been the 
solution, by Dole (9), of the equations of ion transport for 
the general case of n species. If all n species are present in 
sach of the two solutions forming the original boundary, the 
problem involves the solving of two polynomials, of degree 
n — 2, in the equivalent concentrations and mobilities of 
the n species. Although predicting qualitatively the electro- 
phoretic behavior of real protein mixtures, this theory has 
two shortcomings. In common with most moving boundary 
theory, it is designed for the ions of strong electrolytes, i.e., 
those whose mobilities are essentially independent of pH. 
Solution of the protein in a buffer assures a relatively constant 
mobility only in so far as the pH does not change across a 
boundary but small changes do occur. Moreover, the Dole 
polynomials are difficult to cast into a form in which the ob- 
servable quantities, i.e., boundary displacement and refractive 
index difference, can be utilized. Several laboratories are cur- 
rently engaged in an effort to overcome these limitations of 
the Tiselius method. 

Another limitation of the Tiselius method is the difficulty 
encountered in adapting it for preparative purposes on a large 
scale or for analysis on a micro scale. Moreover, in the un- 
packed channel of the Tiselius cell, gravitational stability 
requires that at each boundary the solution below be more 
dense than the one above. Since no boundary can move 
through the bottom of the U without violating this require- 
ment, complete separation of the components of a mixture is 
not possible, the procedure being similar in this respect to 
frontal analysis in chromotography. If, however, the channel 
is packed with a stationary disperse phase (10), e.g., paper, 
agar, sand, starch, etc., separations resulting from ion migra- 
tion can then occur in the capillary spaces of the packing with- 
out regard to gravitational stability. Thus, complete 
separations are sometimes possible as in the so-called elution 
analysis of chromotography. With the aid of sensitive color 
reagents to locate the “band” on the packing due to a given 
protein, or amino acid, qualitative analyses of mixtures of 
these materials are possible on a truly micro scale. Quantita- 
tive interpretation of the results is frequently complicated, 
however, by electroosmosis, by uncertainty as to the effective 
strength of the electric field, and by irreversible adsorption 
of the protein on the packing material. Electrophoresis in 
packed channels also lends itself readily to fairly large-scale 
preparative work. 
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Also useful as a preparative procedure is the elect: yhores; 
convection method of Kirkwood and his associ: tes ay 
Here the protein mixture is present in an upper snd Joy, 
reservoir connected by a channel of rectangular cros.-seetio, 
one dimension of which is small, say 1 to 2 mm, while 4 
other may be several cm or more. The separation of ¢) 
reservoirs, i.e., the height of the channel, may be seve, 
times the long side of the rectangle. Since the walls of ¢hj 
channel must be permeable to salt and buffer ions, but inj 
permeable to proteins, it is frequently made of dialysis tubing 
The operation is simplest to understand if the channel | 
immersed in a buffer of a pH isoelectric with one of the pro 
teins in the mixture. On passage of a current horizonta! 
across the small dimension of the channel, the mobile protei 
components migrate to one wall where the resulting increas 
in density initiates and maintains a convective circulatios 
between the two reservoirs that concentrates the mobile eo; 
stituents in the bottom one and leaves a partially purifie 
solution of the isoelectric protein in the top one. 

Although the developments in electrophoresis discusse 
here have afforded the biochemist useful tools for the fra 
tionation and characterization of the protein mixtures deriv: 
from living matter, it must be conceded that only indirect) 
have the results obtained advanced our understanding of t! 
problems raised by Galvani’s experiment. In the followi: 
discussion of galvanic cells it will become clear that ver 
little is known regarding the nature and properties of th, 
current carriers in the complex media of the cell membrane] 


Galvanic Cells in Biology 


Possibly the most important development in electrochemis 
try during the past fifty years has been the appreciati 
largely through the work of G. N. Lewis, of the value of tly 
galvanic cell without a liquid junction. With one exception t 
be noted below, only cells of this type yield results of sig 
nificance for the thermodynamics of solutions of electrolytes 
However, the galvanic cells used by the biologist, whetl 
for the measurement of pH or in the study of cell membranes 
almost invariably contain one or more liquid junctions; 
Moreover, the junctions encountered in work with livu 
material are frequently of a type about which the elect 
chemist knows very little. Before considering these, howev: 
it is of interest to review briefly what he has learned. 

While the Arrhenius theory undoubted!y brought a weleon 
clarification into the electrochemistry of solutions, the faith 
in the reality of ions that it engendered also contributed to 4 
conviction that the potential difference across a liquid jun’ 
tion was a measureable quantity. If one identifies, as did 
Planck and Henderson, the ion concentration, C;, with the 
product of the stoichiometric concentration of the (um 
univalent) salt and the conductance ratio A,/A,, all terms 
in the expression for the liquid junction potential 

E, = RT C; (I) 
F 1 i 
are measureable and hence the potential itself. Here ¢, is the 
Hittorf transference number and the integration for eae! 
species i is from the body of solution I to that of solution Il 


The fact that any complete circuit involving such a junction 


also includes at least two electrode potentials introduced 00 
difficulty since Nernst’s theory of these used the same io! 
concentrations. 

An essential step in our disillusionment came when Lew's 
brought order out of chaos by introducing the concept “ 


activity and showed that, for any reversible proce-s, the 
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ye of this property of a solute was independent of the 
sthod used for its measurement. If, however, an irreversible 
vess, e.g., conductance in the case of strong electrolytes, 
used, the ion concentration deduced therefrom differed 
m the activity. This discrepancy, together with the failure 
the Arrhenius theory to describe the concentration de- 
dence of the conductance, say, of these materials, came 
be known as the “anomaly of strong electrolytes.”” Many 
estigators were convinced that these electrolytes were 
mpletely dissociated in aqueous solution even before the 
ebye-Hiickel-Onsager theory confirmed this conviction by 
ounting for the concentration dependence, in dilute solu- 
ns at least, of both the activity and the conductance in 
ms of electrostatic interactions between the ions. 

When written in terms of ion activities, a;, the liquid 
nection equation 

E;= tid In a; (11) 
F 

:more subtle. In practically all transport processes involving 
gutions of electrolytes, whether reversible or otherwise, 
etrical neutrality is preserved macroscopically and the 
terials whose transport is actually observed are electrically 
sutral substances. Although we can, and do, adopt the 
uvention that the salt activity is the product of the activi- 
es of its ions Guggenheim (12) has reasoned convincingly 
itany attempt to assign numerical values to the ion activi- 
s will be arbitrary and not subject to experimental proof. 
tis now clear that the problem of individual ion activities 
|of the potential difference at a single junction or interface 
‘really one and the same problem. Until a reversible trans- 
rt process for a single charged species has been devised, we 
ist be content with computations of ion activities and single 
otentials based upon assumptions that are reasonable but 
evertheless inaccessible to experimental verification. 

In many instances the measurements on a cell with a liquid 
wetion are adequate in themselves. For example, the pH 
a solution S given by the relation 


E — 0.2466 


ere E is the emf of the cell 
H.; S: KCl (satd.); HgCl; Hg 


‘a satisfactory measure of acidity for most applications in 
logy and medicine (13). It is only when one uses this pH 
» compute, with the aid of the relation 


pu —log Caf, 


te hydrogen ion concentration, Cy, for comparison with 
ilues obtained by other methods that an assumption re- 
arding the activity coefficient, f, must be made. Here the 
sumption is, and the constant in the numerator of equation 
lll) so selected, that f is the mean value, f,, for the ions of 
etic acid in dilute acetate buffers (14). Electrochemists are 
imiliar with the importance of pH in biology and medicine, 
1 importance that arises from the fundamental and all- 
ervading nature of the hydrated proton in the predominantly 
jueous media of living tissue. Probably our most significant 
tribution to these sciences has been the development of 
vols, e.g., the hydrogen, glass, antimony, and quinhydrone 
eetrodes, for use in the measurement of pH. 

If )ractieal to do so, cells with a liquid junction are, how- 
‘ver, to be avoided. The early workers realized that Ey, 
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generally depended upon the distribution of ions in the junc- 
tion and considerable effort was expended upon integration 
of equation (I) for various assumed distributions. Experi- 
mentally, this dependence results in the emf of the cell being 
a function of the manner in which the junction is formed 
and upon its “‘age.’”’ The exception noted above is the junc- 
tion between two different concentrations of the same binary 
salt. Here the cell emf is quite independent of the distribution 
and, when combined with transference numbers, has provided 
some of our most precise thermodynamic data. Apparently 
the irreversible process of diffusion occurring at the junction 
in this cell does not invalidate it as a reversible electrochemical 
engine. 

One of the clearest analyses of the cell with a liquid junction 
involving more than one binary salt is that of P. B. Taylor 
(15) who recognized the dual nature of the problem. Since the 
transference number of a given ion is a function of the concen- 
tration of all species that may be present the distribution of 
the ions in the junction must be known before equation (II) 
can be integrated. This is a problem in diffusion that has not 
been solved. Once the distribution and relevant transference 
numbers are known it is then possible to combine the proc- 
esses occurring in the junction with those at the electrodes to 
obtain an exact expression for the cell emf involving meas- 
ureable activities only. 

In the case of plant cells, the physiologist is frequently 
interested in the comparatively steady potentials existing 
across their membranes and the manner in which these 
change with the environment. A typical problem is presented 
by the unicellular marine plant, Valonia macrophysa. Al- 
though essentially isotonic with sea water, the sap of this cell 
is 0.5 normal in potassium ion (16). Moreover, replacement of 
the sea water normally bathing the outer surface of this plant 
by sap, so that the internal and external fluids are identical, 
increases (17) the potential difference across the cell mem- 
brane from 10 to 65 mv instead of eliminating it completely 
as would be expected if the potential were due to simple ionic 
diffusion. Such a membrane is said to be asymmetric. 

From the work of Michaelis (18), Osterhout (1), Teorell 
(19), Sievers (20), Sollner (21), and others, two alternative 
views have emerged as to the origin of this asymmetry. The 
one assumes the existence of nonaqueous films in which the 
concentrations and transference numbers of the ions are, pre- 
sumably, quite different from their values in the aqueous 
phases. The other postulates a porous phase or sieve through 
the interstices of which the transport phenomena occur. The 
concentrations and transference numbers of the ions in the 
solution in the pores may differ from their values in the sap 
or external fluid as a result of the size of the pores and the 
presence of immobilized charges on the walls of the interstices. 

Both approaches to the problem have, however, at least two 
features in common. In order to achieve asymmetry, it appears 
necessary to assume that the membrane is composite, i.e., it 
consists either of two nonaqueous films, separated by an 
intermediate aqueous layer (1), or of two porous phases, also 
separated by an aqueous layer (22). It is also customary to 
assume that the solutes are in equilibrium across the phase 
boundaries and that gradients of composition occur within 
the nonaqueous film on the one hand and the pores on the 
other. In either case, liquid junction theory is required but its 
application is handicapped by the meagerness of the data 
concerning the nature and properties of the carriers in liquids 
immiscible with water and in capillary spaces. 

With the development of the ion exchange resins, thus 
giving the investigator a measure of control over both the 
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porosity and the nature and magnitude of the immobilized 
charge, the porous phase membrane is now being intensively 
studied (23). Membrane potentials are, however, only one 
aspect of the living cell and any valid concept of the membrane 
must be consistent with other properties as well. Thus, the 
permeability of cells to nonelectrolytes has long been con- 
sidered as supporting the nonaqueous film concept (24). 

In most of the experiments with the composite membranes 
described above, the emf arises from the free energy of dilu- 
tion of the solution in the intermediate aqueous phase. In a 
recent development Shedlovsky (25) has deseribed a “‘proto- 
chemical” cell in which the free energy of acid-base reactions, 
i.e., proton transfer, is made directly available as electrical 
work through the agency of protonic conductors. In one 
model of his composite membrane, the one face of a protoni- 
cally-conducting glass film is reversible to hydrogen ions while 
to the other face is fused a mixture of insoluble laurie acid, 
HL, and its barium salt, thereby rendering this face reversible 
to the barium ion. With this composite membrane separating 
two portions of a buffered barium chloride solution an asym- 
metry potential is observed corresponding to the free energy 
of the reaction 


+ HCl = HL + '4 BaCh. 


Here the mobile protons in the glass function in a manner 
analogous to the electrons in a metal. The absence of metallic 
conductors in living matter, together with the fact that the 
energy is derived from a process other than the mere dilution 
of a solution, makes this development of especial interest to 
the physiologist. 

Another common property of the living cell is its ability to 
maintain significant gradients of composition across its mem- 
brane in spite of the permeability of that membrane to the 
solutes concerned. Although numerous “pumping” mecha- 
nisms have been suggested, none has been shown to be 
operative in actual cells. The almost universal disappearance 
of the membrane potential on death suggests the cooperation 
of metabolic processes in its maintenance. Thus, the constancy 
with time reflects a steady state rather than an equilibrium 
and the Donnan effect, although frequently present, may not be 
as important a factor as was thought when it was introduced 
into biology by Loeb (26) a generation ago. In his search for 
coupling mechanisms between metabolic and electrochemical 
processes the biologist is turning to a rapidly developing field 
that is best described by the title of a recent monograph, 
“Thermodynamics of the Steady State” (27). 

The problems encountered by the nerve physiologist are 
further complicated by the transient nature of many of the 
phenomena. Not only does the nerve cell have many of the 
properties already mentioned, but it also serves to conduct 
the impulse that controls muscular activity. Although the 
electrochemical effects accompanying the passage of the im- 
pulse have served as the principal means for the study of 
nervous activity, the true nature of the impulse is by no 
means completely understood. As in Galvani’s experiment, 
this impulse is usually initiated, in the laboratory at least, 
electrically, and the investigator is thus concerned with the 
effects, on the membrane potential, of polarizing and 
depolarizing currents, both steady and alternating (28). A 
recent review, couched in terms familiar to electrochemists, is 
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that of Hodgkin (29). Not only does he present 1 exper 
mental results in an orderly fashion, but by vigorous + espoy 
ing one of the prevalent theories in this controversi: field ti 
reader’s interest is sustained. 

In spite of its brevity and incompleteness, this si. vey yj 
have served its purpose if it arouses the interest « electra 
chemists in some of the fascinating applications of thea 
science to the problems of biology and medicine. To (his endl 


many of the references cited have been selected for the eoy 
pleteness and scope of their bibliographies. 
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DIFFUSION AND CONVECTION IN ELECTROLYSIS— 
A THEORETICAL REVIEW 


C. W. Tobias, M. Eisenberg, and C. R. Wilke’ 


Introduction 


Mechanisms of Ion Transfer 


\n electrode reaction proceeding at a finite rate involves 
vement of reacting materials between the electrode and 

solution surrounding it. In absence of fluid turbulence, 
: are transferred from solution to an electrode by three 
jcipal mechanisms: (a) migration, (b) diffusion, and (c) 
vection. For a given species the rate of transfer in the y 
ection per unit area perpendicular to y at any point in 
e fluid may be expressed by the equation: 


, Ob dc 
N; = cU D 
dy dy 
ere: Ny = total rate of transfer, gram ions/em?-sec; ¢ = 
wentration of given species, gram ions/em*; U = mobility, 
‘sec-volt; @ = potential, volts; y = distance in direction 
transfer, em; D = diffusion coefficient, cm*/sec; and 
= velocity of bulk fluid movement in direction of transfer, 
sec. 
The three terms on the right represent, respectively, the 
tributions of migration, diffusion, and convection. When 
usfer is not unidirectional corresponding equations may be 
tten for each coordinate axis. 
for unsteady state processes, changes of concentration 
th time must be considered, and the general transfer equa- 
n becomes (1) 


+ Ve {1] 


_= — div(Uc grad ¢) + div(D grad c) — V grad c 


ere! = time, sec. The potential @ must satisfy the Poisson 
ation (1), and the velocity vector V the three Navier- 
‘okes equations. Thus a set of nonlinear differential equa- 
us is obtained which has been solved only for a relatively 
cases. 

Ina fluid in which turbulence has been induced by stirring 

pumping, transfer by diffusion is augmented by eddy 
fusion resulting from turbulent pulsations. Analytical solu- 
n of the convection-diffusion equations for such systems is 
general impossible at the present time. 


Equations for Steady State Mass Transfer 


The term “‘mass transfer’’ will be used to denote the trans- 
ort of ions or molecules by the combined effects of diffusion, 
ly diffusion, and convection, excluding the contribution of 
gration to the process. The mass transfer process is com- 
nly designated as “forced convection” when the system 
‘mechanically agitated by stirring or pumping, and as 
ree convection” when mixing is induced as a result of 
ensity differences accompanying concentration differences 
wm point to point within the fluid. Mass transfer in the 
teady state implies that the transfer rates, current density, 
ucentrations, temperature, and other variables associated 
th vell operation are independent of time at any particular 
oint in the system. 


‘Department of Chemistry and Chemical Engineering, 
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The different mass transfer mechanisms participate to a 
varying degree as material moves from the main body of 
solution in contact with an electrode to the electrode-solution 
interface, with the nature of the process at any distance from 
the electrode depending on electrolyte motion, shape and 
position of the cell, and other operational variables. As a 
result of the participation of diffusion in the transfer process, 
it may be stated in general that movement of species toward 
or away from the electrode results in a decreasing concentra- 
tion of the species in the direction of transfer. 

For steady state processes it is convenient to express the 
rate of migration as a function of current per unit area per- 
pendicular to the direction of transfer: 


[3] 


where: N,, = rate of migration, gram ions/em*-sec; [ = 
transference number for the given species; n = valence charge 
of the ion; and F = the Faraday, amp-sec/gram equivalent. 
In sufficient excess of inert electrolyte the transference num- 
ber of the species participating in the electrode reaction may 
be made negligibly small and migration need not be con- 
sidered. In the general case the rate of mass transfer may be 
expressed by the relation: 


—T) 
nF [4] 


Na = Ni — Nun = 
Consider a cell containing at one end a vertical plane 
cathode upon which metal ions are being deposited. Assume 
that due to mechanical stirring the concentration is uniform 
at all distances from the floor of the cell at any particular 
distance x away from the electrode. For the species deposited 
a concentration profile through the main body of solution up 
to the electrode-solution interface may prevail as illustrated 
in Fig. 1. The exact shape of the profile will depend upon the 
mass transfer mechanism predominating at any place. As- 
sume further that the concentration in the main body of 
solution remains constant. In view of the complicated nature 
of the problem it is sometimes convenient to express the 
over-all mass transfer process by equations of simple empirical 
form which relate the mass transfer rate to the difference 
between the mixed-mean or average concentration of the 
transferred species in the main body of fluid and the concen- 
tration at the electrode-solution interface. 
(A) Mass transfer coefficient: the rate of transfer may be 
expressed by a coefficient, k, , defined as follows: 


Na = — 5] 


where: Nag = mass transfer rate at any particular point on 
the electrode, gram mole/cm*-sec; k; = mass transfer co- 
efficient, em/sec; ¢, = average concentration in bulk fluid, 
gram mole/em*; and c; = concentration at interface. 

(B) Equivalent film thickness or diffusion layer: this 
concept expresses the mass transfer process by the rate equa- 
tion for steady state diffusion from concentration c, to ¢; 
over a hypothetical layer of stagnant fluid of thickness 6. 
The diffusional term of equation [1], i.e., Fick’s first law, is 


ie 
+ 
} 
il 
t 
TI 
= cU — = = 
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integrated for this case to give the relation which defines 
the equivalent film thickness: 


Nz D(ee {6] 


where 6 = equivalent film thickness. 

This general mathematical formulation was originated by 
Nernst (2) who termed 6 the “diffusion layer,” a name which 
has been used widely throughout the electrochemical litera- 
ture. The term “equivalent film thickness” has been used 
extensively in chemical engineering writings. 


EQUIVALENT CONCENTRATION 
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CONCENTRATION OF TRANSFERRED SPECIES 


DISTANCE FROM ELECTRODE 


Fic. 1. Illustration of concentration profile in the vicinity 
of an electrode during electrolysis. 


The relation between current density, concentration and elec- 
trode potential.—Taking the example of the deposition of an 
n valent metal in the presence of a large excess of “‘inert’”’ 
electrolyte which takes no part in the electrode process, 
equation [6] can be expressed as: 


I D(cy — 
nF 


The maximum rate of deposition, or limiting current density, 
will be given by the condition when c; = 0, and 


FD 
I, = Cb - [8] 


The current density can only be increased above this 
value if a consecutive electrode process is possible. 

If one makes the assumption that 4 is independent of the 
rate of diffusion, the concentration at the interface, c; , can be 
related to the current density by combining equations [7' 
and [8], 


él 


Cb DnF ey 
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Concentration polarization.—During the passage cure, 
the concentration of metal ions at the solution clecty, 
interface changes from the value at rest, ¢ , toc; . ‘he cori 
sponding shift in electrode potential, the concentra 
polarization, is equal to the emf of a concentration cel] yim 


transference, in which the electrodes are in contact widmmmms not rigoro 
solutions of concentrations ¢, and ¢; , respectively. If transs mbers Wi 


by migration of the potential determining ion is negligi} : hlrauseh’s 
and the ratio of ionic activity coefficients is assumed to Migs” error 
unity, tigated. | 

An extens 
(1 ysebrugh 
ithematie: 
Curr 
th identic 


del. The 


it opposit 


The dependence of concentration polurization on curred 
density for any current, J, can be found by combining equi 
tions [9] and [10]:* 


RT I 
« =e fi — ) e anode, 
nF It nt curren 
Equation 
Unsteady State Diffusion 
That concentration changes in solutions of electrolytes gps = 0 (a 
the vicinity of working electrodes are of importance w: 
realized as early as 1879 by Weber. In his work on the diffi 1-0 


sion of zine sulfate (3) Weber obtained an equation for ¢| 
concentration as a function of time and distance from t! 
electrode using a cell model of the form of a short eylind 
closed at its ends by a cathode and anode and without liqui 
circulation or stirring. For practical calculations, use of t! ] 
equation was not convenient since it contained a Four i 
series which did not converge fast enough for large distance 
between the electrode and for small time periods. 

In 1900, Sand (5) in an attempt to improve Weber's theor 
considered a model with only one electrode at the end of 
semi-infinite cylindrical cell. Assuming no motion of thi 
electrolyte, and the material transfer to occur only by diftg 
sion, with the diffusion coefficient independent of concentra 
tion, equation [2] reduces to the form: 


most in 
the eleetroc 


here: n = 


for nt > 0 


Similarly 


Oc ec 

at | 
Upon integration of equation [12] with the boundary condi quation 
tions as given below Sand obtained the result expressed b depende 
equation [13]. equatic 


ength eat 


0c 
Atz=0, Na= b= ;at¢t = 0, between zc = 0 The for 


ell with 
andz = ©, ¢ =< etal wit 
Na dt ell. In th 
ol Vi | 
where: ¢,.. = concentration at any time and distance x frou eas tre 
the electrode; c, = original uniform concentration; D) = dil = wos 
fusion coefficient; Na = rate of removal of ions at the elec ss ' ee 
trode; and t = time. tions © 
Nernst 


For z = 0, i.e., at the electrode, this reduces to the simp! 


‘ tively co 
equation: 
nechanis 

Cot = Co — 1.1285 Na / [14 tlaborate 

D runner 

For a cathodic deposition Ng is given by equation |‘). od tons 

2 It should be noted that this expression applies only f° “lution 
electrodeposition. For discussions that include gencralizeq hat as 
electrode-reactions, and the effect of migration, see lef. ( ween t 


| 
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gy means of equation [14] Sand was able to determine 
fusion coefficients in electrolytes by observing the time 
»ryal necessary for a given current density to cause an ion 
sletion at the cathode to zero concentration, i.e., to reach 
‘iting current density. Sand realized that this procedure 
.jot rigorous on account of the variations in transference 
mbers with concentration. However, on the basis of 
»hlrausch’s work (6) he found that such variations result 
an error not exceeding 2.5 per cent for the systems in- 
tigated. 

An extension of the work of Weber and Sand was given by 
ysebrugh and Miller in 1910 in an excellent paper on the 
thematical treatment of electrolysis with direct and suc- 
sive currents (7). A cell of uniform cross section provided 
th identical metal electrodes at both ends served as the 
del. The electrode reactions were assumed to be identical 
it opposite in sense (at the cathode, metal depositing; at 
je anode, metal going into solution, both with 100 per 
ot current efficiency). 

Equation [12] was solved for the boundary conditions 


= 0 (at half distance between the electrodes) =0 

c 
=0 


{ most interest is the relation giving the concentration at 
he electrode as a function of time. Neglecting migration 


D(cy — Ss 2 


here: 9 = a , and L = half the length of the cell. 
nt > 0.6 equation [15] may be approximated by: 
ome S 
D(cy — 1— = e7 [16] 
I 
‘milarly for nt < 0.6 
Dio — ~ 1 199 Di. [17] 


I 


uation [17] shows the concentration at the electrode to be 
dependent of the length of the cell. This result is identical 
) equation [14] indicating that for small nf a cell of finite 
egth can be treated as a semi-infinite column of electrolyte. 
The foregoing equations have been found to agree fairly 
ell with experimental findings (8, 9) for the deposition of a 
etal with the cathode placed horizontally at the top of the 
cll. In these experiments natural convection was suppressed. 


Forced Convection 


The treatment of an electrolytic cell as a slab of electrolyte 

ree of convection currents, in which ions are transferred only 
y diffusion and migration, is not adequate to meet the con- 
iitions of actual operation. 

Nernst (2, 10) and Brunner (11) developed the qualita- 
tively correct concept of ionic mass transfer by the combined 
echanisms of diffusion and convection. As a result of an 
‘laborate experimental study of heterogeneous reaction rates 
‘runner developed the following argument. 

During operation of an electrolytic cell, due to natural 
ind foreed convection the concentration in the bulk of the 
vlu'ion ean be considered to be uniform. It may be assumed 
that a stagnant layer of electrolyte of thickness 6 exists be- 
ween the bulk of the solution and the electrode surface, 


DIFFUSION AND CONVECTION IN ELECTROLYSIS 


across which mass transfer is possible only by diffusion and 


3610 


migration. The magnitude of 6 depends only on hydrodynamic 
conditions (rate of stirring, rotation, etc.) and the viscosity 
of the solution. 

In the steady state the concentration gradient in this 
“diffusion layer” is constant, and the rate of diffusion is equal 
to the rate of the electrode process. Thus for the case of metal 
deposition, equation [7] applies. For any particular solvent, 
geometry and rate of stirring, 4 is a constant, and can be deter- 


y' 


DIRECTION OF FLOW 


DIRECTION OF 
DIFFUSION 


Fic. 2. Laminar flow past an electrode (Eucken) 


mined experimentally if (c, — c;) and D are known. Under 
limiting current conditions c; = 0, from which it follows that 


“FD 


Cb. 
I, 


56 = [18] 


Brunner (11) found that the thickness of the diffusion 
layer in some geometrical arrangements varied with the rate 
of stirring, and suggested the relation 


a 


$= [19] 
where: R = rate of stirring (rotation), rpm; and a = a con- 
stant for a given solvent, geometry, temperature. 

In moderately stirred solutions in a number of experiments 
6 was found to be 0.02-0.05 mm (11, i2). Glasstone (13) 
suggested that a = 0.05 gives a fair agreement with experi- 
mental findings.* 

Brunner realized that the assumption of a stagnant layer of 
electrolyte of 6 thickness at the interface is physically in- 
correct. He also found that 6 depends on the diffusion co- 
efficient. His mass transfer experiments were carried out in a 
system of impractical geometry, and, therefore, only qualita- 
tive deductions can be made for different experimental 
conditions. 

Methods of hydrodynamies were applied first by Eucken 
(14) to predict the effect of forced convection on mass transfer 
rates to electrode surfaces (Fig. 2). The limiting current in 
case of laminar flow in the y direction past an electrode of 
height A and width y; was evaluated for cases when 
the velocity of flow increases linearly with the distance from 
the electrode plane. 


§ In equation [19] 5 is expressed in cm if used with a = 0.05. 
Conditions for application of this equation, such as rotor size, 
solution properties, ete., are not stated in reference, 
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Under steady state conditions the increase in concentra- 
tion of a volume element dx -dy-dz due to convection will be 
balanced by a decrease of concentration due to diffusion in a 
direction (2) perpendicular to the electrode. 

By solving the differential equation for diffusion and 
convection 


‘Oc ec 
Wiz— = 20 
02? [20] 
with the boundary conditions: at r = 0,¢ = O;atz = ~, 
c = ¢; where W, denotes the constant fluid velocity unit 


distance away from the electrode plane, the following expres- 
sion was obtained for the total limiting current: 


it = 77,800 hc, : (21) 


Dividing both sides of equation [19] by the surface area 
A = h-y yields the average limiting current density along 
the electrode. The result indicates that J;,v, decreases with 
the 's power of the length of the electrode in the direction of 
a flow, and increases proportionally to D®**. This conclusion 
is also supported by the expression obtained for the average 
thickness of the diffusion layer: 


Save = 1.24 Dy [22] 
Wy 


To obtain the simplified diffusion convection equation [20], 
Eucken made the assumption that no velocity component 
exists in the zx direction. The results derived therefore may be 
of questionable value for practical applications (1). Eucken 
himself met with considerable difficulties trying to achieve 
such conditions in experiments designed to test equation [21] 
(30). 

A fundamental approach to the solution of mass transfer 
problems based upon modern theories of fluid mechanics was 
initiated in the excellent series of papers by B. Levich (1, 15). 
The method involves application of the general equation for 
convection, migration, and diffusion (equation [2]), coupled 
with the Navier-Stokes equations for fluid motion and the 
Poisson equation for charge distribution in the solutions. 

Levich succeeded in simplifying these nonlinear partial 
differential equations for the case of a binary electrolyte to 
the form 


+ (V grad) c* = Dy’e [23] 
where c* = 
— ny 


and the effective diffusion coefficient 


(ny — Ne) dD, Ds 
— ne De 


D,D, = diffusion coefficients of ions 1 and 2, respectively; 
nym, = number of valence charges per ions of species 
1 and 2, respectively; 
¢,,¢: = concentrations of ions | and 2, respectively. 


Equation [23] from which the potential has been eliminated 
applies to the case of convective diffusion and determines for 
a known V the concentration at any time and point in the 
solution. Then the distribution of the potential is obtained 
from the distribution of the concentration by the equation: 


RT(D, — De) 


div (c* grad @) F(m Dy — neDe) 


[24] 
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which upon integration yields: 


(nm; Dy — no De) c* grad 
RT 


+ F(D; — D2) grad c* = 


Ne 


where j represents the vectors of current density and 2 < , 
constant. 

The solution of equation [25] allows the determination of +) 
exact relation between the potential across the electroly+j 
cell and the current. This important separation of the cony 
tive diffusion from the potential distribution has been show 
to be possible also for a tervalent system when the concent, 
tion of one kind of ions is low compared to that of the ot, 
two kinds. 

A number of solutions for specific cases of definite geomet; 
systems and hydrodynamic conditions were given as reviews 
below. 

A flat infinite disk rotating with a constant angular velocity 
Using von Karman’s solution for the hydrodynamics of fly 
motion about such a rotating disk the following result y 
obtained for steady state conditions in the discharge of on 
ion of a binary system: 


D\i fv\ 
6 = O47 
0.64 (?) (;) 19 


where: 6 = diffusion layer thickness (equation [6}); D - 
effective diffusion coefficient for the salt; » = kinematic 
viscosity of the fluid; and Z = number of revolutions » 
second. 
Thus for a system with D = em*/see an’ = 
em? /see 


Using the above value for 6, equations [8] and [11] may ls 
utilized to give limiting currents or concentration polariz 
tion. Equivalent expressions are presented by Levich. 

Flow past a flat electrode set into a laminar flow of liquid 
Levich developed a general theory of the laminar bounda: 
layer by considering the analogy of the convective diffusior 
equation: 

ux = 5) 
Ox Oy Ox* 
to the Navier-Stokes equations for the velocity distribution 
The thickness of the diffusion boundary layer, 4, for thy 


ease of a flat electrode inserted into a laminar flow of flu] 


(16) is given for any distance z along the electrode by: 


where U = velocity of the fluid and z = distance along the 
electrode from the leading edge. 

For the case of the flat electrode equation [29] shows that 
for a given fluid velocity U the diffusion layer thickness " 
CTeASeS AS x, the square root of distance from the leading edg' 
in the direction of fluid flow. This in turn affects the curren! 

0.022 

‘In the original paper this equation is given as 6 = ~~, 
Ve 
which appears to be in error. 
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so that the local limiting current density 
ies in the x-direction according to the equation: 


Wo 
(1), = aM [30] 


sis is Valid if the flow past the electrode and the electrolysis 
win at the same point. Upon integration for an electrode of 
th b and length L the total limiting current is found to be: 


= 3g ( Jos [31] 


it should be noted that the development of the Prandtl 
jrodynamie boundary layer at the plate cannot go on 
jefinitely in an apparatus of finite size. How far in the .r-di- 
tion its formation will extend, until a steady state boundary 
er of constant thickness is formed, depends not only upon 
egeometry of the entire cell (presence of any close parallel 
il, for instance) but also upon the length of the electrode. 
evich’s equation [29] is acceptable from the hydrodynamical 
ewpoint only for a short electrode at a relatively low fluid 
ocity and in the absence of any close parallel boundary. 
The problem of current distribution is also complicated. 
st, because near an electrode edge submerged into an elec- 
lvte the current distribution will be nonuniform and the 
jipotential surfaces by no means parallel to the electrode 
face. Second, due to depletion of the ions, as the fluid 
ves along the electrode the electrode-potential changes 
utinuously in the x-direction. This nonuniform potential 
. in turn, responsible for a nonuniform current distribution 
nughout the electrode. These possible limitations should 
e considered in the general application of equations [30] 
d {31}. 
Turbulent flow over a flat plate electrode.—Levich considered 
e boundary layer (region of disturbed velocity) developed 
er the plate to be divided into three regions with respect 
transfer of mass and momentum. In region 1, immediately 
jacent to the surface, turbulent pulsations are sufficiently 
mped out so that transfer of momentum occurs by viscous 


dear and transfer of mass occurs by molecular diffusion. In 
sion 2, adjacent to region 1, turbulent pulsations are large 
ugh to cause the transfer of mass to be predominantly by 
ly diffusion or turbulent pulsations, but because of the 
atively high kinematic viscosity of the liquid, momentum is 
msferred predominantly by viscous shear. In region 3, the 
ignitude of turbulent pulsations is sufficient to cause trans- 
rof both momentum and mass to occur by turbulent pulsa- 


ns. Within these assumptions by application of the mass 
( momentum transfer analogy an equation was derived 
ich may be presented in the following expression for limit- 
g¢ current density: 


al NFC Co (32) 
204 + (aSe*4 — AB 
2 
here: Cy = coefficient of resistance, or friction factor; 


= velocity of flow past the plate; c, = bulk concentration 

transferred species; and A, B, a = constants to be evalu- 
‘ed experimentally. For turbulent flow over a flat plate 
‘ordinary Reynolds numbers the coefficient of resistance is 
tven by: 


C, = 0.07 Re~*? 
ther. Re = Reynolds number for flow. 


‘This equation is essentially equivalent to (12’), p. 287 in 
ign al reference. 
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In general C, depends upon the shape of the surface, rough- 
ness, and Reynolds number so that no complete generaliza- 
tion is possible. 

As a more general relation for turbulent flow Levich 
suggests: 


I, = nFC,c.u.g(Se, Re) 


where: g(Se, Re) is a function which must be determined 
experimentally; Se = v/D, the Schmidt number. 

Alternate expressions could be based upon the treatment of 
von Karman (6) for heat transfer. For low Schmidt numbers 
equation [32] agrees well with a formula obtained by Prandtl 
(18) for the corresponding case in heat transfer. 

At high turbulence the thickness of the diffusion layer will 
be practically constant over most of the electrode, and the 
current and potential distribution will be correspondingly 
uniform. 

In a subsequent paper (15) Levich extended the treatment 
of turbulent flow to nonstreamlined electrodes (cylinder 
placed perpendicularly to the electrolytic flow) and to elec- 
trodes of rough surfaces. 

Along the lines suggested by Agar (19), Putnam, et al. 
(20) correlated limiting current densities for the inner elec- 
trode of an annular cell, with the mass transfer—heat transfer 
analogy. Mass transfer correlations were obtained in terms 
of equivalent film resistances using experimental data ob- 
tained from measurements with four different electrode reac- 
tions. The electrolytes were passed through an annular eleec- 
trode system at various constant rates of flow. The experi- 
ments covered viscous and turbulent regions (Re * = 
59-30 ,000). 

From the measured limiting currents and the inlet concen- 
trations to the cell, the mass transfer coefficient was obtained 
as follows: 


_ (ds — dj)’ 
( 4d, L jm — 41/nF(d3 — dj)V [33] 


where: k; = mass transfer coefficient; did. = diameter of 
inner and outer electrode, em; L = length of electrode, em; 
C, = concentration of inlet stream gram mole/ec; J = limit- 
ing current, amp; = number of electrons per molecule or 
ion reacted at the electrode; F = Faraday; and V = velocity 
cm/sec. 

For the systems investigated in the laminar flow region the 
Leveque approximation (21) can be applied in the following 


form: 
kid. Gd. \' 
= 62 
(34) 


where: d, = equivalent diameter, d, — d; em; D = diffusivity, 
em*/sec; G = mass velocity, gram/cm*/sec; and p = density 
of electrolyte, gram/ce. 

The agreement of experimental data with the Leveque heat 
transfer equation was found to be satisfactory (within about 
+3%). 

The mass transfer under turbulent flow conditions was 
correlated in terms of the jo parameter, defined by Chilton 
and Colburn (22) as: 


ky u i 
[35] 


where V = velocity, em/sec, and u = viscosity, gram /cem/sec. 
A satisfactory correlation of jp as a function of Reynolds 
number was obtained. The function was found to agree 
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rather closely with the friction factor data of Carpenter, 
Colburn, and Wurster (23), i.e., 


d, V —0.2 
= 002s ( [36] 


where f = friction factor. 

However, it is doubtful that great significance can be 
attached to this apparent agreement between momentum 
transfer and mass transfer in view of the high values 
of Schmidt numbers prevailing in liquid systems, and possible 
differences in surface roughness. 

The correlation should be very useful in predicting mass 
transfer behavior in electrolytic cells, under flow conditions, 
in presence of a large excess of indifferent electrolyte. 


Natural Convection 


Natural convection or “spontaneous stirring” results when 
density changes accompany concentration changes in the 
region of the electrode. Fluid motion thus induced aids the 
mass transfer process by supplying fresh electrolyte from the 
bulk solution. 

For a vertical plate electrode Levich (15) derived the fol- 
lowing relation for the local limiting current density at any 
height X on the electrode surface: 


= 0.382 nFD (5) x ¢,! (37] 


where: a = density coefficient (defined by equation [38}); 
g = acceleration of gravity; and c, = bulk concentration of 
species reacting. 

The density coefficient, a, relates density changes to con- 
centration changes: 


pr \ de poles — 
where p» and p, are fluid densities in bulk solution and at the 
electrode surface, respectively. 

Equation [37] indicates that the limiting current density 
varies as the % power of bulk concentration and inversely 
as the '4 power of height on the electrode. 

An alternate theoretical treatment has been presented by 
Wagner (24) who treated the electrolysis of a salt with a large 
excess of a “neutral” electrolyte (CuSO, with an excess of 
H.SO,). Wagner’s derivation indicated the concentration of 
H* ions to increase at the cathode surface by 7 of the de- 
crease of that of the Cu**-ion, and the SO™,-ion concentration 
to decrease by the same factor. Using von Karman’s (25) 
analysis of the boundary layer formed under free convection 
he derived for the limiting current density at the height X 
from the lower edge of the electrode 

_ 1.42? dinp 


or in a general form 


dinp 
= 2nFD(cp)' X E= K; ae, | [39] 


where: D = diffusion coefficient of the species participating 
in the electrode reaction; c, = bulk concentration of trans- 
ferred component; p = density of the solution; and K; = 
dimensionless constants calculated by equations analogous to 
[33] to [40] of the original reference. 

Wagner obtained a fairly good agreement of his equation 
with experiments on a 0.1M H,SO, system. 


é 


N 
Natural convection has also been treated by ‘gar (] ; it is unt 
who utilized a theoretical solution for the heat |. from pat 
vertical plate derived by Schmidt, et al. (26) and « tained me 
result which may be expressed for limiting curren: dens; ll 
as follows: der 
ols in th 
qa 
= 0.394 nFD (5) (5) [ The use 
emical 
A further expression was derived by Keulegan (17), whim of 
yields for limiting current density: m of 8 
oly, may 
(I1)x 0.471 nFD ( ) [4 nbols fc 
D en mass 
On the basis of experimental studies for deposition ¢ { on 
CuSO, from sulfuric acid solutions the authors (27) hai th 
found the following equation to be applicable: i Hore 
= v pi) 
= 0.505 nFD (5) | | (4: avail: 
mean 
where the po' 
— p, D } ts is 
A&cuso, — I'n, EJ evelopm 
where and = density coefficients for CuSO, 
H,SO, respectively; and = transference number fa 
hydrogen ion. 
Thus it may be seen that all of the theories agree in e + * 
sential form, differing primarily by a numerical constant. i z 
should be noted that only equations [39] and [42] include ti” “ 
effects of migration of nonreacting species on the densitgy’ th 
difference established between the bulk solution and th@ 
interface. 
The total limiting current density (/1)ayg, at an electrod@ rye 
of height X, is obtained by the relation: . . 
ep tows 
rthe p 
Iyave = > dz = 
(Ip) ave x, x 46 (I1)x Jitate 
ectroly: 
Some authors (13) have attempted to treat free convectio 
by assuming a constant diffusion layer thickness 6 over th 
electrode of 0.05 em. The foregoing theoretical analyses whicl B. Li 
have been substantiated by experimental evidence indicateg) W. 
however, that 6 depends on the electrolyte compositiong™) F 


viscosity, diffusion constant, density coefficient, and natur@ 
of the electrode reaction in regard to initiation of density 
changes, electrode height, shape, and orientation of the elec# 
trode in the solution. Unfortunately use of 6 = 0.05 cm, whiclij 
can lead to serious error in prediction of limiting currentsg 
has been furthered in much of the subsequent literature or 
polarization phenomena and textbooks of electrochemistry 

(28, 29). The concept of diffusion layer with this numerical 
value is frequently presented without adequate qualification 


Conclusion 


As described above, the early theoretical development 
have at best provided treatment for ideal cases of diffusiona 
supply to the electrode. The Nernst concept of a stationary 
diffusion layer was fruitful in this early period for a qualitay 
tive understanding of the mechanism of ionic transfer in they 
vicinity of the electrode. However, the diffusion layer concept 
is merely a convenient form for describing the mass transierg 
to the electrodes, and its thickness represents no real physical 
constant. Misunderstanding of this limitation has often led 
to erroneous interpretation of experimental work. 
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it is unfortunate that the theory of Prandtl’s boundary 
er, patterns of velocity distribution, and other aspects of 
irodynamic theory have not been introduced into the field 
dectrochemistry until recently. Mass, heat and momentum 
.sfer analogies, and dimensional analysis are valuable 


™.\s in the development of modern theories of electrolysis. 


The use of concentration instead of activity in the electro- 
ical equations may lead to serious errors due to large 
anges Of the activity coefficients with concentration. The 
m of some equations, e.g., those accounting for diffusion 
y, may still be acceptable if one merely considers the 
ubols for concentration as representing activity. However, 
en mass transfer analogies are carried over to electrolysis, 
» distribution of concentration is obtained. Therefore, the 
aiction of the concentration polarization (which is a fune- 
1 of the activities) is not possible unless the activity co- 
‘cients are known for the entire range of concentrations. 
further major difficulty arises from the fact that the meth- 
; available at present for activity measurements yield 
emean activity coefficients and not the activity coefficient 
the potential-determining ion. The appreciation of these 
ts is essential for future theoretical and experimental 
velopments in this field. 

The variation of the diffusion coefficient with concentration 
«omes a serious matter when high currents are applied. For 
s reason the validity of the now available relations for 
iting currents, derived with the diffusion coefficient as- 
med constant, is subject to question. For a given system 
e functional dependence of D on concentration can be 
tablished in general only by experiment. Such diffusivity 
easurements must be performed under conditions where 
ly the potential-determining ion diffuses under its own 
ncentration gradient. 

In conclusion it may be stated that the recent developments 
hich. have been reviewed in this paper represent a major 
ep toward establishment of quantitative theoretical methods 
the prediction of mass transfer effects. This in turn should 
ilitate a more complete understanding of other aspects of 
ectrolysis. 
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A BRIEF SUMMARY OF HYDROGEN ELECTRODE KINE’ Ico 


J. O’M. Bockris' 


1. Introduction 


In recent years, many studies have been made of electrode 
kinetics. The hydrogen evolution reaction was once regarded 
as a particularly simple example of such kinetics, but in spite 
of the early date of the first publications (1, 2), the process is 
still not widely understood. A brief summary of this field is 
therefore given here. 


Il. Experimental Difficulties 
Measuring Circuit Difficulties 


Earlier workers often used commutators (3) to avoid re- 
sistance errors. These devices led to values of overpotential 
lower than the true ones. Although satisfactory commutators 
have now been made (4), their use (even at high current 
densities) is seldom advantageous unless resistive oxide films 
are present (5). 


Effect of Trace Impurities 


Attention was first drawn to the effects of trace impuri- 
ties, e.g., tap grease, by Levina and Zarinski (6) in 1937. 
These workers and others of Frumkin’s school (7) used pre- 
electrolysis empirically to purify their solutions.? The nature 
and limiting concentration of impurities, and the conditions 
for satisfactory pre-electrolysis were not established. The 
concentration of impurities which first detectably affects re- 
action velocity was found by Bockris and Conway (10) in 
1949 to be 10-" gram mole/liter. “Catalytic poisons” such 
as AsO; were the most effective. Traces of H.S were shown 
to cause Tafel lines to deviate from linearity toward a limit- 
ing overpotential at high current densities. Conditions for 
pre-electrolysis and criteria of a “pure’’ solution were evolved 


(11). 
Reproducible Preparation of Clean Metal Surfaces 


Until recently, only mereury surfaces could be prepared 
in a clean state. Bockris and Conway (12) in 1948 satisfac- 
torily sealed wire electrodes in hydrogen into thin glass 
bulbs, these being broken under the surface of the deoxy- 
genated pre-electrolytically purified solution. 

Parameters of electrode kinetics have been recently criti- 
cally reviewed (13). 


Ill. Reaction Paths 


In aqueous acid solutions a proton approaching a cathode 
(M) during electrolysis undergoes 
(a) Discharge: 


H,O* +e — MH (I) 

(b) Desorption: 
either MH + MH — 2M + H, (IT) 
or H,O* + MH +e >~M + H, + HO. (IIT) 


In alkaline solutions, possibilities are more numerous, par- 
ticularly with mercury cathodes, where alkali metal cations 


! Imperial College of Science, London, England. 

2 Isolated examples of the use of pre-electrolysis, e.g., for 
purification of organic liquids and of aqueous solutions for use 
with reversible hydrogen electrodes (9) were previously known. 
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may discharge (14). Two rejected mechanisms req) ire opin 
ment. That involving prototropie transfer betwee) 
molecules (15) is improbable in acid solution beeause it giv 
a salt effect of incorrect sign and leads to an incorrect effediil 
of hydrogen pressure on overpotential at constant curreyfiil 
density. That involving discharge of the hydrogen molecy 
ion (H,*) is not acceptable because evidence concerning th 
stable existence of this ion is unsatisfactory (16). 

In pure solutions, the kinetics may be complicated by (, 
diffusion of atomic hydrogen into the bulk of the electrode 
and (6) the simultaneous existence of two reaction mech; 
nisms. The first may cause time variation and is diminishe 
by using thin wire electrodes; in Pd it is important and ha 
received theoretical treatment (17). The second complicatio 
seldom occurs except over short ranges of current densit@™ 
(18). 


POTENTIAL ENEROY, VY 


IV. Dependence of Reaction Rate on Potential 


- Consideration of Part III shows that the over-all reactiogit 
in hydrogen evolution must be controlled by the rate of on@ 
of two types of reaction: (a) involving ions, or (6) involving 
atoms. The specific rate of reaction (II), of type (6), canno 
be affected by electrical potential, for the chemical potential 
of its components depends only upon activity terms and th@ 
choice of standard states. Hence, the velocity of reaction (II P 
would be of the simple form v, = kaj, where ay is the activit® 
of MH. The chemical potentials of the components in (If 
and (III), reactions of type (a), depend on electrical potent 
tial, so that the velocities of (1) and (IIT) are potential def 
pendent. 

Consider a solvated proton at A (Fig. 1) before makin 
its transition to the electrode, and assume that there is zer 
metal-solution potential difference. Then, the potential 
energy of activation is (U, — U,). When a potential differg 
ence (e.g., electrode negative to solution) of A¢ exists betwee 
the electrode and the ions in the first layer on the solutio 
side of the double layer, (U, — U.) must be inereased bg 
the electrical work done on the charged particle initially af 
A in bringing it from A to the plane X. This is the potentia 
difference between plane X and plane A multiplied by tha™ 
charge on one proton, which, assuming a linear potential 
gradient, may be written GAd@, where 


2 


_ horizontal distance AX 


horizontal distance AB 


Hence, for transition from A — B, 
= K e( —BAd e,/kT) (IV 


where K is a constant containing (Ux — U4), concentratiot 
terms, ete. 
Likewise, for transition from B — A, 


= K’ e(1 — B)Ad /kT. (V 


Equations of type (IV) and (V) were first obtained by 
Gruz and Volmer (19) in 1930.8 In 1935, Horiuti and lolanyq 


3 For more detailed and rigid deduction see Ref. (20). Equa 
tions for cathodic and anodic currents at equilibriw 
exponential function of the potential were first deduced 
Butler (21). 
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Om 


POTENTIAL 


») gve another deduction in which a coefficient similar to 
rises as & function of the relative slopes of the intersecting 
Jorse functions for the interactions HO — H* and M — H. 
this type of analysis has been developed into a quantitative 
ethod for theoretical calculation of the energetics of hydro- 


uu 


PLANE OF 
ELECTRODE SURFACE 


SOLUTION LAYER. 


PLANE OF FIRST 


B 
(1-2) 
DISTANCE FROM ELECTRODE SURFACE 


TOWARDS BULK OF SOLUTION 
1 


wn evolution when reactions (1) (23) and (IIT) (24) are rate- 
etermining. 
V. Kinetics 


From section IV, the following fundamental kinetic equa- 
tions immediately follow (8 = 4)* 


Vi =k(1 —2)an+e —Ag.F/2RT (VI) 
Vi = kee Ap.F/2RT (VII) 
Ve = (VIII) 
V2 = (IX) 
Vs = ksran+ e — Mp.F/2RT (X) 
= — 2) e (XI) 


shere k = velocity constant, an+ == activity of hydroxonium 
ns in the initial state of the indicated reaction, x = fraction 
i electrode covered with hydrogen atoms and ay, is the ac- 
tivity of molecular hydrogen. It would be desirable to evolve 
quite general equation for the forward and backward com- 
onents of the over-all reaction velocity, but such an equa- 
tion is not mathematically amenable to the limiting cases 
orresponding to experimental results in pure solutions. 
hockris and Potter (25) considered the kinetics of (1) fol- 
wed by (IT) and, separately, (1) followed by (IID). By set- 
ting up the condition for constant coverage of the electrode 
vith adsorbed atomic hydrogen at constant current density, 
ne obtains an equation for x in terms of the rate constants 
» the various component reactions, and then expresses in 
‘hese terms, and those of Ad, and ant, the rate of the over-all 
action. Various special cases can be worked out by taking 


*s = 'g corresponds to a symmetrical energy barrier. Sup- 


wrt for this assumption is given by (a) agreement between it 
‘id oxperiment in the b values obtained, (6) calculation of the 
Mor e functions concerned (23). 
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conditions corresponding to a particular step in the reaction 
sequences in (I) and (II) or (I) and (III), having a much 
higher energy of activation (with respect to some common 
reference state) than the other steps. Hence, equations for 
the relation between current density and potential corre- 
sponding to these various special cases (i.e., to what used to 
be called “theories of hydrogen overvoltage’”’) can be ob- 
tained. 

Equations thus obtained for the rate of the hydrogen 
evolution reaction at high overpotentials are of the form 


XI 
RT RT RT — 


where K; is a constant, AGT the free energy of activation 
corresponding to a slow stage j, Ader the value of A@, at the 
reversible potential (difference in inner potentials between 
metal and solution in absence of current flow), and a; is a 
constant characteristic of j. K; is easily evaluated; if AGT 
and Ad, are known, approximate calculations can be made 
of the rate of the over-all reaction according to various j’s 
and hence the most probable rate-determining reaction (the 
one giving the fastest ever-all velocity under the given condi- 
tions) can be calculated. AG? is approximately known by 
calculation (23, 26). Adz is not known because of the con- 
tribution to it of surface potentials due to oriented solvent 
dipoles, overlap of metal electrons, etc. It is probable that 
these latter terms do not vary greatly between various metals 
(27); assuming this, Adz can be expressed with respect to the 
potential of a charge-free surface and relative calculations 
for various metals made to determine mechanisms (24). 


VI. Criteria of Mechanism 


Formerly, when the problem of the kinetics of hydrogen 
evolution was referred to as the “theory of hydrogen over- 
voltage,” it was common to attempt to “decide between the 
various theories” by carrying out qualitative experiments, 
e.g., effect of time on “growth of polarization,” effect of 
state of surface, etc. (28). These experiments were abortive 
because they could usually be interpreted qualitatively in 
terms of several “theories.” Also, the attitude which pro- 
duced them was misleading as it suggested that hydrogen 
“overvoltage” was “caused” by a specific reaction, whereas 
it is more correct to regard all the reaction paths (I), (IT), 
and (III) as occurring in hydrogen evolution, one of them 
being rate-determining. (The physical meaning of the hydro- 
gen overpotential observed at a given current density is that, 
when multiplied by aF, it is the amount by which the free 
energy of activation of the reaction at the reversible poten- 
tial has to be decreased to make the over-all .reaction occur 
at the given rate.) 

Consequently, it is preferable to concentrate on numerical 
criteria, which indicate the rate-determining mechanisms un- 
ambiguously. 


Primary Criteria 


Detailed theory shows that the most important criteria 
of the rate controlling reaction are® 


(a) _= 


when e 10 (see Table I). 


5 The relation between a and yu is a = 28/y. For a more de- 
tailed analysis of this relation, see Ref. (31). 


a 
19 
| x 
| | | 
all 

(\ 7 ; 

dev RT 
anya — 2.303 , 
. 

Y 
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0) _ —2iF (2 This led some workers to conclude that (IT) was ‘he rat, 
RT determining reaction for hydrogen evolution on meta) 


where (*") is the limiting value of this quantity when 


7 — 0. A similar quantity to u was first described by Horiuti 
and Ikusima (29) in 1939: uw (stoichiometric number) was 
first introduced into the general kinetics of hydrogen evolu- 
tion, and its value thence deduced, by Potter in 1950 (30) 
(see Table I). The physical meaning of uw is “the number of 
times the rate-determining reaction must take place for one 
act of the over-all hydrogen evolution reaction to occur.” 

Values of b quoted as characteristic in Table I should be 
regarded as approximate (it having been assumed that 
8 = 14). In pure solutions, observed values vary little from 
those quoted. Both b and y are, in general, necessary to de- 
cide upon mechanism, but observation of b values of 0.029 
or 0.038 determines the mechanism without resource to u 
determinations. The latter are difficult because of the low 
current densities at which measurements must be made to 
determine (0n/0t),.0. Note that ~ determined by the above 


TABLE I. Characteristic values of b and wp (25°C) 


Mechanism b “ 
(1) slow, (11) fast 0.116 2 
(1) fast, (11) slow 0.029 1 
(1) slow, (III) fast 0.116 1 
(1) fast, (III) slow 0.038 (low n) 1 


0.116 (high 7)* 
* Condition for change, see Ref. (25). 


equation indicates the mechanism only at limitingly low cur- 
rent densities. For a discussion of the extension to higher 
current densities, see Ref. (32). 


Secondary Criteria 


Determination of (0/0i),~0 is difficult, particularly for 
metals of low i, value (e.g., Hg, Pb, Sn) because of the degree 
of elimination of oxygen necessary. Two supplementary cri- 
teria may therefore be mentioned. 

pH and salt effects —These are used to distinguish the en- 
tity discharging, and to identify the ion undergoing dis- 
charge in alkaline solutions (14). Subsidiarily, the agreement 
between pH effect and theory (32, 33) provides information 
concerning parameters important in work on the structure 
of the double layer. 

Heat of activation at the reversible potential.—This is of use 
in the calculations for distinguishing between mechanisms 
mentioned in Part V (25). Subsidiarily, it is a useful quantity 
with which to compare theoretical calculations concerning 
energy barriers involved in electrode kinetics. 

When it is possible to determine the primary criteria, the 
mechanism of hydrogen evolution kineties in pure solutions 
may be determined unambiguously. The requirement at pres- 
ent is the establishment of more data in highly purified solu- 
tions. For a summary of conclusions reached with data avail- 
able up to 1951 see Ref. (25). 


VII. Some Explanations 
“Bonhoeffer Catalytic Anomaly’”* 


Bonhoeffer (34) showed that the rate at which hydrogen 
combined on metals fell into the same sequence as the hydro- 
gen overpotentials at a given current density on these metals. 


* I am indebted to Dr. B. E. Conway for the suggestion of 
this appropriate name. 


This does not follow at all directly, however, bec: use ¢} 


reaction examined by Bonhoeffer possessed a mech: nisy, iff 


which combination occurred between an incident gas ous 
drogen atom and an adsorbed hydrogen atom (35). This ; 


not the same as the mechanism (II), which is that of » radicalll 


reaction in which the substrate acts as a dissipator of enery 
upon collision of hydrogen atoms. The dependence of th 
reaction velocity upon the metal if the rate-determining yp 
action is (I) was explained by Horiuti and Polanyi (22), Ty 
minimum of the potential energy-distance curve for the ad 


sorbed hydrogen atom resulting from discharge is a functiogt 


of the heat of adsorption of hydrogen on the metal. Thy 
greater this is, the deeper the potential minimum, and, cop 
sequently, the lower the potential energy of activation fo 


the proton transfer to the electrode. Hence, at a given curl 


rent density, hydrogen overpotential would decrease wit! 

increasing heat of adsorption of hydrogen on the metal. 
The apparent anomaly is that present results show tha¢ 

platinum is one of the few metals on which (IT) is the slow 


reaction, et least at low current densities (36). According ta 
Bonhoeffer, combination from the gas phase is fastest on Pt§ 


anomalously, combination of hydrogen atoms is particular) 
slow on Hg, and it seems that the mechanism requires a fas 
(II) stage. This anomaly disappears if the effect of heat of 
adsorption on the rate of discharge is taken into account 
and reaction (IT) is regarded as only secondarily dependent 
on the nature of the substrate. For, on Pt, the heat of ad 
sorption is large and hence discharge is particularly fast (37 
so that the slower of the two stages is the recombination; 
whereas on Hg, with its much lower heat of adsorption of hy; 
drogen, discharge is slower than the recombination reactior 
A similar argument applies to the intervening series (38 


Trace Impurities 


Results of “stoichiometric number’ determinations for 


electrodes which adsorb hydrogen well suggest (32) that dis 
charge of protons onto a metal such as Ni forms adsorbed 
atoms on a surface already highly covered with hydroge 


atoms (or oxygen or hydroxyl from water). CO (a typical 


poison) can be adsorbed upon a nickel surface, leaving the 
remaining part of the surface unpoisoned so that hydroget 
ean still be adsorbed on it. Also, CO cannot displace adsorbed 


hydrogen from nickel (39). When traces of CO are adsorbed 


upon a cathode from solution, part of the (smal!) fraction o! 
the surface still available for discharge is covered, so that the 
discharge step is decreased in rate. Hence, to maintain the 
same rate, the overpotential must be increased. 

Let 10 mv (i.e., 5 mv = reproducibility) be arbitrari) 
considered an “appreciable” effect on hydrogen overpoten 
tial at a given current density. Calculation from the Taie! 
equation with b = 0.1 shows that this increase in overpoted 
tial corresponds to a decrease in current density at constant 
overpotential of 25 per cent. From (VI), the current densit 


is proportional to the free space on the electrode. Hence, the 


free space is reduced by 25 per cent. But, on nickel, discharge 
in pure solution occurs on a free space of only 20 per cent 0! 
the electrode area. Thus the fraction of the total surface ares 


of the electrode covered with poison to cause an appreciable 


change is 0.2 « 0.25 = 0.05. The diameter of the CO mole 
cule is about 3.8 A. If n- is the critical surface concentration 
of CO needed to cause appreciable poisoning, then, 


0.05.4 


= 5.10-" gram mole. 
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mis compares reasonably with the surprisingly low experi- 
ental result (10). 


Reversible Hydrogen Electrodes 


\ satisfactory reversible hydrogen electrode can be defined 
.an eleetrode the potential of which (a) follows the Nernst 
tion respective to activity of hydrogen ions under “prac- 
|| conditions” (i.e., in relatively impure solutions), and 

is not sensitive to the passage of small currents across it. 
*) ascertain whether a given electrode material can be satis- 
tory as a reversible hydrogen electrode, we can calculate 
w much current it is necessary to pass in one direction so 
st its potential departs “appreciably” from the reversible 
jue. Reversible cell measurements are usually made to an 
curacy of about | mv. Hence let “appreciable” be taken 
-| my. At low current densities (25), 


ip = —dionF/RT, (X11) 


that at 25°C, withA = Landy» = —0.001 volt, i, = 5.10°° 
where 7, is the limiting current which can pass while the 
ectrode still serves for ‘reversible’ (log i, = a/b, where a 
«the first constant of the Tafel equation). For Pt, i, = 10° 
i for Hg, 10°“, so that a “hydrogen electrode”’ based on 
atinum will allow up to about 5-10-° amp/em® across it 
hile still remaining effectively reversible, but for Hg, cur- 
greater than 5-10-" amp/cem? would destroy the re- 
ersibility. In practice, the most likely cause of stray elec- 
mode processes causing currents to pass across a hydrogen 
ectrode is depolarization by oxygen, the limiting current 
rwhich is given by i, = 0.14¢ (40), where c is the concen- 
‘ation of oxygen in gram moles per liter. This is about 10% 
ra solution in equilibrium with air. On bubbling hydrogen 
rough the solution, without taking special precautions to 
minate oxygen (i.e., a “practical” hydrogen electrode) we 
wn reasonably assume the oxygen concentration reduced (at 
ist) to 10-4 gram moles per liter. Hence, 7; = 10~° amp/em*. 
Thus, for a “‘practical’”’ reversible hydrogen electrode 
5-10°%, > 
tp > 2-10~. 

this condition is fulfilled only by Pt and plated Au. 


With increasing purity of the solution, more electrode 
terials become possible reversible hydrogen electrodes as 


the limiting currents ¢ associated with the reaction between 
the electrode and impurities in the solution become less, the 
eneral condition’ for effective reversible behavior being 


> 207 ;. 
VIII. Electrode Kinetics in General 


Many other electrode reactions may be less sensitive to 
upurities than is the hydrogen evolution reaction and not 
wre complex theoretically, if allowed to take their simplest 
ath. General electrode kinetics follows the model set by the 
ydrogen kinetics in being studied from two points of view: 
1) that in which criteria of reaction mechanisms are deduced 
mm current—potential relations [Erschler (41), Gerischer 
12), Vetter (43), Parsons (31)]; and (6) that in which a de- 


tailed model is chosen and its statistical mechanical conse- 


jwences worked out and compared with experiment. 
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MATHEMATICAL THEORY OF THE FARADAIC ADMITTANCE 


(Pseudocapacity and Polarization Resistance) 


David C. Grahame’ 


Introduction 


Although it is relatively easy to measure the impedance of 
a metal surface in contact with an electrolyte, there has been 
no general agreement as to the significance of the results ex- 
cept in certain rather special cases, notably that of mercury 
in contact with inert electrolytes. Nevertheless the theoreti- 
‘al treatment of the subject can be made reasonably general 
without any assumptions about which there can be very seri- 
ous doubt. To be sure, the theory to be presented deals only 
with smooth and homogeneous surfaces, which means in 
practice that it is quantitatively correct only for surfaces of 
liquid metals. But it is clear that no progress can be made in 
the study of the impedance properties of solid metals until 
this simpler problem is out of the way. Moreover it is reason- 
able to suppose that the solution of this problem will lead to 
a deeper understanding of metal-solution interfaces in gen- 
eral, which is the primary objective of all investigations of 
this sort. 

It will not be necessary to assume in what follows that 
there exists a state of electrochemical equilibrium at the 
interface. The removal of this restriction broadens the scope 
of the argument and puts it in a different light from that of 
earlier treatments of the same problem. Thus it will not be 
necessary or convenient to speak of a potential-determining 
ion or of a potential-determining step, these being concepts 
which have no meaning in any but a state of equilibrium. 
Various aspects of the problem have been treated before, 
notably by Wien (1), Warburg (2), Kriiger (3), Rosebrugh 
and Miller (4), Jones and Christian (5), Randles (6), Ershler* 
(7), and Gerischer (8). The present work is in agreement with 
the work of these authors, but presents the subject in a some- 
what unusual manner and goes beyond earlier treatments. 


General Considerations 


Many persons who have worked on this problem in the 
past have attempted to represent the behavior of a metal- 
solution interface by means of an equivalent electrical cir- 
cuit. The objection to this procedure is that one has no way 
of knowing whether or not a given equivalent circuit is, in 
fact, equivalent to the interface under consideration except 
by carrying out an independent analysis of the problem which 
it is the objective of those who use this method to avoid. It 
will be found, in fact, that in most instances no finite com- 
bination of resistors, condensers, and inductors can represent 
the variation with frequency of a metal-solution interface 
across which a current flows. Indeed, there is no reason to 
expect that it should be otherwise, except that we have not 
heretofore met a case where the equivalent circuit concept 
has been demonstrated to be fallacious. 


' Department of Chemistry, Amherst College, Amherst, 
Massachusetts. The project of which this work is a part is 
supported by the Office of Naval Research. 

2 At the time this paper was written, Ershler’s 1948 paper 
(in Russian) was not available to the author. Now a transla- 
tion has been made (by Dr. R. Parsons, University College, 
Dundee), and it is found that Ershler’s conclusions are not in 
disagreement with those drawn in this paper. The author 
wishes to express his gratitude to Dr. Parsons for making this 
translation available to him. 


The impedance, Z, of a two-terminal network can be meg 
ured (usually, but not necessarily, with a bridge) as « fy 
tion of three external variables, viz., the frequeney of th 
(alternating current) test signal, the amplitude of that signg 
and the bias voltage or polarization. It is found in practi 
(and predicted from theory) that when the impedance | 
measured as a function of the amplitude of the input tes 
signal, the impedance approaches a finite limit as the amp 
tude approaches zero. It is usually possible with the aid 
rather simple electronic techniques to make measurement 
with so small an input signal that the directly measure 
value is not sensibly different from the limiting value. In th 
treatment which follows it will be assumed that this is done 
or that a limiting process has been used to establish the t: 
limit of the impedance at zero amplitude of the test sign: 
This makes it possible to regard the amplitude of the tes 
signal as a vanishingly small quantity, which is the only cas 
for which the mathematical analysis of the problem can |x 
carried through. 

Although it is possible in principle to obtain further i: 
formation about a system by a study of the impedance as 
function of amplitude, in practice it is not possible to do s 
for the reason just stated. 

All known electrodes form nonlinear networks, whic! 
means that the impedance is a function of the bias potenti: 
(polarization). (This is why the impedance is a funetion 
the amplitude of the test signal.) For this reason it is neces 
sary to control the potential of the electrode relative to the 
solution in which it is immersed. The potential can be cor 
trolled either directly (through a device known as a potenti 
stat which automatically controls the potential by controlling 
the current) or indirectly by controlling the current. In the 
latter case, the potential will usually not be constant unless 
the solution is well “‘poised”’ (buffered with respect to its 
redox potential). It is a matter of indifference to the theor 
whether current or potential or neither is controlled. How 
ever, the theory only purports to give the variation with fr 
quency of the impedance for an electrode in a constant state 
of polarization. 


> 


The theory to be developed below applies only to smoot! 
homogeneous electrodes on which the current density (bot! 
a-c and d-c) is uniform. This means in practice that the tw 
electrodes across which the current passes must be sym 
metrically disposed. Several kinds of symmetry are suitabl 
i.e., planar, cylindrical, or spherical. The last named gives 
the largest ratio of areas of the two electrodes, which makes 
it the most suitable when it is desired to consider the imped 
ance properties of only a single electrode, namely the smalle' 
one, 

If the surface is not smooth and homogeneous, the curren! 
density will not be uniform. For reasons of geometry alone 
a surface which is rough cannot be expected to have « un 
form current density, and the difficulty is exaggerated by the 
fact that a rough surface will probably be chemically in}ome 
geneous as well, so that the electrochemical reaction m: y We'! 
favor certain catalytically active spots. 

The manner in which diffusion effects are to be taken inte 
account needs to be explained. There are two slightly ‘iffe' 
ent kinds of diffusion effects to be considered. First ther 
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ye those which arise as a result of the passage of the steady 
rect current, and second, there are those which arise as a 
silt of the very small alternating current. The former will 

» left out of account on the grounds that it is the task of 
he experimenter to control or at least to know the concen- 
mations of the reactants at the interface under the conditions 
‘the experiment, apart from those which are caused by the 
jternating current. Even if they are not known, they can 
» held constant during a succession of impedance measure- 
nts in which the only variable is the frequency of the alter- 
ating current, and it is this variable with which the present 
theory is concerned. 

The effects of diffusion arising from concentration changes 
ssociated with the flow of alternating current, although very 
wall and in the limit zero, cannot be neglected because the 
itio of concentration changes to current changes does not 
ecessarily (or actually) go to zero in the limit, and it is this 
itio which determines the impedance of the electrode, apart 
om the impedance of the electrical double layer. 


I. The Double Layer Impedance 


There are two ways in which the current is carried across 
the interface of a metal-electrolyte system, and these two 
may be called the faradaic and nonfaradaic paths, respec- 
tively. In the former, current crosses the interface by virtue 
{an electrochemical reaction such as the reduction or oxida- 
tion of water or of some ion. In the latter (nonfaradaic) case 
harged particles do not cross the interface, and the current 
s carried by the charging and discharging of the electrical 
jouble layer, which behaves like a condensei in series with 
the ohmic resistance of the solution.* 


‘A possible ambiguity needs to be considered here. How is 

me to differentiate between a faradaic and a nonfaradaic 
irrent? The answer is that any process which allows a con- 
nuous current to flow will be regarded as faradaic, whereas 
ne which does not will be regarded as nonfaradaic. An equiva- 
nt but slightly more fundamental definition will be given in 
vetion LIL. 

The question of whether or not a continuous current flows 
inges upon the question of whether or not the products of 

lectrolysis can build up in concentration (or more strictly in 

hemical potential) in such a manner as to stop the flow of 
irrent. If one or more of the products of electrolysis can 
liffuse away, this will never happen, since more current will 

e needed to replace the substance which has diffused away. 
ikewise if the product of electrochemical action is capable of 
indergoing a second reaction by which its concentration (chem- 

“ul potential) is lowered, a faradaic current will flow to re- 
lace the substance used up in the chemical reaction. (This 
uppens when hydrogen atoms combine to form hydrogen 
nolecules.) Finally, a faradaic current will flow if the product 
f reaction has a natural upper limit of chemical potential 
which is reached before the counterelectromotive force needed 
lo stop the reaction is attained. This happens very often in 
tleetrochemical processes, as in the deposition of a metal or 
the formation of an insoluble salt with the metal of the elec- 
trode. The evolution of a gas at an electrode’is usually not an 
example of this effect, however, since the production of gaseous 
molecules does not ordinarily occur in a single electrochemical 
step. 

This discussion also bears upon the question of the distine- 
tion between an adsorbed ion and an ion which has acquired 
or lost electrons to become an atom. Even the adsorbed ion is 
issociated with an equal amount of the opposite charge in the 
louble layer, so that the distinction cannot be made simply 
nm the basis of the charge. The distinction is made on the basis 
f whether or not the adsorption is such as to allow a continu- 
ous current to flow, as discussed above. Thus if the ‘“‘adsorbed”’ 
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Since the total current is by definition the sum of the fara- 
daic and nonfaradaic components, it is convenient to regard 
the interface as electrically equivalent to two impedances in 
parallel. The nonfaradaic impedance is then that of the elec- 
trical double layer and may be represented as a simple capaci- 
tance in so far as its variation with frequency is concerned 
(7, 9). The faradaic impedance, on the other hand, is not 
representable in any such simple fashion. It is the purpose of 
this paper to find out how large it is and how it varies with 
frequency and to devise a method of representing that varia- 
tion in an easily intelligible fashion. Equivalent circuits will 
be written down only after these properties have been de- 
duced. 

It is sometimes convenient to think of the faradaic imped- 
ance as an admittance’ shunting the capacitance of the dou- 
ble layer. 

Before beginning that task it is necessary to examine the 
influence of the concentration changes caused by the faradaic 
and nonfaradaic impedances. There are four effects to be 
considered, since each of the two causes of concentration 
change affects each of the measured impedances. These will 
be considered in turn. 

Effect of the concentration changes produced by the nonfara- 
daic current upon the measured capacity of the electrical double 
layer —This matter has been dealt with by the author else- 
where (9) and only the qualitative results will be repeated 
here. It is found that the effect is extremely small, but not 
zero, even in the limit as the amplitude of the alternating 
current approaches zero. A small polarization resistance also 
appears, but is less than the error of measurement in all cases 
so far considered. No appreciable error is to be anticipated, 
therefore, as a result of neglecting this effect altogether. In a 
sufficiently refined treatment, however, the equations for 
making the necessary corrections are available. 

Effect of the concentration changes produced by the alter- 
nating component of the faradaic current upon the capacity of 
the double layer —Note that when we speak of the capacity 
of the double layer we mean the capacity associated with the 
nonfaradaic current. The effect of the alternating component 
of the faradaic current upon the capacity of the double layer 
has not yet been investigated theoretically. It is evident that 
the effects will be of the same order of magnitude as those 
produced by the nonfaradaic current as long as the faradaic 
current is itself of the same order of magnitude as the non- 
faradaic current. In that case the effects will be negligible. 
And if the faradaic current becomes large, the faradaic admit- 
tance will be so large that small errors in the computation of 
the nonfaradaic admittance (the capacity of the double layer) 
will be altogether negligible. So there seems to be no reason 
to make a more detailed study of this effect. 

Effect upon the measured faradaic admittance of concentra- 


ion together with its associated charge can diffuse away from 
the interface as a unit, the ion has really reacted with the 
charge. Likewise, if the adsorbed ion has formed a soluble or 
insoluble salt with the metal, thereby exposing more metallic 
surface and allowing more current to flow, the ion has in fact 
reacted and is not to be considered adsorbed. 

* This conclusion is based chiefly upon the results of work 
done with mercury. However, it is observed that the capacity 
of other metal electrodes in contact with inert electrolytes 
reaches a finite limit at high frequencies, which shows that at 
least a part, and generally the major part, of the capacity of 
the double layer is frequency-independent. 

5 Admittance is the reciprocal of impedance. The faradaic 
admittance is, therefore, that part of the admittance attribut- 
shle to electrochemical changes at the interface. 


t 

4 
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tion changes produced by the nonfaradaic current.—This is an 
effect which can and will be included in the differential equa- 
tions to be written later. By a suitable choice of experimental 
conditions it is often possible to eliminate the effect: There 
is no theoretical reason for believing that the effect will 
otherwise be small, however, since the concentration changes 
produced by the nonfaradaic current will usually be at least 
as large as those produced by the alternating component of 
the faradaic current. 

Effect upon the faradaic admittance of concentration changes 
produced by the alternating component of the faradaic current.— 
This is the effect with which this paper is primarily con- 
cerned. 

There is one further effect which is not considered in this 
paper and that is the liquid junction potential or diffusion 
potential produced at the interface as a result of the concen- 
tration gradients set up there. This effect is of the same order 
of magnitude as the second effect listed above, and if it were 
not so, it should appear also in measurements of the rapacity 
of the electrical double layer on mercury. Thus we conclude 
that it is justifiable to neglect it in the present treatment. 


Relation of the Double-Layer Admittance to the 
Faradaic Admittance 


The admittance of the double layer adds to the faradaic 
admittance, which is why it is proper to think of the two ad- 
mittances as impedances in parallel. We now develop the 
equations expressing this relationship, principally for use in 
later sections. 

Let the faradaic current be denoted by i. It is made up, 
in general, of a steady current 7, and a sinusoidal component 
a sin wt. 


i = + asin at. {1} 


It may be mentioned in passing that the study of a current 
composed of a steady part and two sinusoidal components of 
different frequencies adds nothing to the understanding of 
the problem either experimentally or theoretically. The ef- 
fects are merely additive throughout. 

The nonfaradaic current will not in general be expected to 
have either the same phase or the same amplitude, and it will 
have no steady component, in agreement with our definition 
of the nonfaradaic current. Its frequency will naturally be 
the same. Calling the nonfaradaic current ig, we have 


igs = b sin (wt + 8) [2] 


where 6 is the unspecified phase angle and b is the small (and 
in the limit zero) amplitude of the alternating nonfaradaic 
current. 

In operating an impedance bridge it is possible to deter- 
mine the vector impedance either in terms of the equivalent 
series resistance and reactance (here the reactance is always 
a capacitance) or in terms of the equivalent parallel resist- 
ance and reactance. It is much more convenient to carry 
through the mathematical derivations for the equivalent 
series circuit, although the results have nothing to do with 
this choice. 

The series resistance R, and series capacitance C, (Ershiler’s 
Ry and Cx), whose impedance at the frequency in question 
matches that of the interface under test, generate an instan- 
taneous potential whose change with time, dE /d1, is 


dE /dt = R, di,/dt + (i — [3] 


where 7, is the total current and where the last term on the 
right will be recognized as a rearrangement of the familiar 
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equation C, = dQ/dE = idt/dE. From equations [| and [2 
and noting that i, = i + ig; 


di,/dt = aw cos wt + bw cos 6 cos wt — bw sin & sin wt 14 
and, therefore 


dE/dt = awk, cos wt + bwR, cos 6 cos wt 
— bok, sin 6 sin wt + (1/C,)(a + b cos 8) (5 
sin wt + (b/C,) sin 6 cos wt. 


Regarding the electrical double layer as a condenser of 
capacity® 


C, dE/dt = (b/C) sin (wt + 6) = (6/C) cos 6 
i sin wt + (b/C) sin 6 cos wt 


and by comparison with equation [5], equating terms in sin , 
and cos wt 
a/C, + (6/C,) cos 6 — bwR, sin 6 = (6/C) cos § (7] 


awR, + bwR, cos 6 + (b/C,) sin 6 =-(b/C) sin 6. iS 


Since a and 6 are arbitrarily small, only their ratio is sig 
nificant. Let ¢q = a/b; then 


qwR, + wR, cos 6 + (1/C,) sind = (1/C) sind [9 
q/C, + (1/C,) cos 6 — wR, sin 6 = (1/C) cos 6. [10 


These equations can be solved for 6 and q giving 


= — C — (11 
q = ((C, — C)/C) cos 6 + & sin 6 (12 
where = RCw. 


These equations make it possible to find 6 and q from a 
experimental measurement of C, and R,, assuming C alread 
known. C is the ordinary differential capacity of the electrica 
double layer, which can be found, for instance, by taking 
measurements at a series of high frequencies and extrapolat 
ing the observed value of C, to infinity. This amounts t 
assuming that the capacity of the double layer is independent 
of frequency and that the faradaic impedance does not fa! 
off with increasing frequency as rapidly as does the imped 
ance of the double layer, a result confirmed by the theory t 
be developed below. These assumptions have nothing to di 
with the validity of equations [11] and [12], of course. 

In a typical case (Pt in H.SO,), the details of which need 
not concern us here, measurements made at 1000 cycles re 
vealed that 6 = 21° and q = 0.22. These are typical values 
for metals other than mercury. Evidently 22/122 = 18 per 
cent of the alternating current produced chemical changes 
and the rest, $2 per cent, went to the charging and discharg 
ing of the electrical double layer. The two currents were 21 
out of phase and thus were not in quadrature, as certain too 
simple theories might have led one to expect. 

If the faradaic current were a function of the potertia! 
difference across the interface and of that alone, then the 
faradaic admittance would be represented by a pure resist 
ance, and the phase angle 6 would equal 7/2 at all frequen 
cies. This is contradicted by experiment, as mentioned above, 
and shows that the faradaic current is affected by the concen 
trations of the reactants and products of electrolysis (or at 
least of some substance present at the interface whose con- 
centration depends upon the alternating faradaic current) 


® It is not strictly necessary to regard the electrical double 
layer as a pure capacitance in this derivation, and if cases 
should be found in which it was not, the derivation would no! 
be significantly altered in its conclusions. However, the ¢% 
perimental task of evaluating the faradaic admittance ould 
then become very formidable indeed. 
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this result serves to illustrate the possible applications of 
uations [11] and [12]. It must be mentioned, however, 
jat the method used in the above example depends upon 
ie assumption that the electrode used was smooth and 
mogeneous. This was probably not so, with the result that 
je values quoted cannot be taken to be quantitatively sig- 
feant. They are almost certainly reliable enough to support 
he qualitative conclusions drawn, however. 

Because the impedance (or admittance) of the double 
ver can be subtracted from the total admittance in a simple 
anner, it will be unnecessary to carry it in the equations 
hich follow. Thus in the remaining parts of this paper R, 
ad C, will denote the equivalent series resistance and capaci- 
nee of the faradaic admittance alone, it being understood 
‘hat the admittance of the double layer is electrically in paral- 
| with it. With this understanding it will be necessary to 
ewrite equation [3], putting ¢ in place of 7,, so that we have 


dE/dt = R,di/dt + (i — %,)/C, [13] 
from equation [1] (which remains valid) 
dE /dt = awR, cos wt + (a/C,) sin wt. {14} 


These are the only equations from this section needed in the 
arts which follow. 


ll. General Expressions Relating Voltage to Current 


It is intended to develop the theory of the faradaic admit- 
tanee in as general a manner as possible, isolating from the 
ain argument all assumptions of a doubtful or special char- 
ter. The treatment here to be employed asserts as a truism 
that the faradaic current, 7, is a function of EZ,’ the potential 
‘ross the interface, and of the concentrations »,’, w,’, yo’, etc., 
iV, W, and Y, respectively, at the interface, i.e., within the 
ouble layer itself." Mathematically expressed 


t = f(E, , to’ , yo , ete.). [15] 


The substances whose concentrations are to be included in 
the list of variables are those whose concentrations are inde- 
endently variable in the sense of the phase rule. Although 
ectrical neutrality is not preserved in the electrical double 
wer, the total charge is not independently variable, so that 
ne charged component must be regarded as a dependent 
ariable. It should be noted that the products of electrolysis 
re components of the system, even if they are not initially 
resent. 

Each concentration v,’ , w,’ , ete., is itself a function of the 
otential KE and of the volume concentrations of all of the 
ndependently variable components at the interface. These 
itter concentrations will be called v, , w. , ete., and denote 


’ By E we shall mean not the potential from the metallic 
hase to either the inner or outer Helmholtz plane but the po- 
ential across the entire double layer, exclusive of any 7R drop 
that may occur in case the double layer is so thick that this is 
ppreciable. With this definition of FE, equation [15] is not al- 
‘ogether axiomatic, since it contains a hidden assumption to 
the effect that the potential drop across the diffuse double 
iyer is itself a function of the same variables as those listed. 


This would seem to be certainly true if current ideas about the 
‘leetrieal double layer are at all correct. 


* More precisely these primed quantities are the concentra- 


‘tons at the plane of closest approach of the substances in ques- 


‘ion. It may be mentioned that we here use the word 
substance’’ to include ions. It should also be mentioned that 
} 

here is one class of substance (discussed under class I below) 


‘or which it is necessary to define v_, w,, etc., as activities 
‘athor than concentrations. The substances in question are not 


one 
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the concentrations of V, W, ete., at a distance from the in- 
terface just exceeding that at which the effect of the double 
layer begins to be appreciable. More precisely, they are extra- 
polated concentrations representing the expected values at 
the interface if the electrical double layer were absent. From 
what we have just said 

vo = f(E, vo, Wo, Yo, ete.) 

w.’ = f(E, vo, Wo, Yo, ete.) 

Yor f(E, Vo, Wo, Yo, etc.) 

ete. 
It will be understood that the three functions are not the 
same, even though we have used the same symbol f for all 
three. A similar remark applies to equations [15a] and [15b] 
below. These equations depend for their validity upon the 
supposition that the electrical double layer remains at equi- 
librium with the layers of electrolyte in its immediate vicinity, 
that is, at distances comparable to the half-thickness of the 
double layer itself. It is known from experiment (14) that 
there is no detectable lag (less than a microsecond) in the 
charging of the electrical double layer, and this also follows im- 
mediately from the theory of the double layer. Thus it is safe 
to conclude that the composition of the electrical double layer 
is a unique function of the composition of the electrolyte ad- 
jacent to it and of the potential existing across it. 
It follows that the faradaic current is also a function of E, 

Vo, We, Yo, CK. 


t = f(E, , Wo, Yo, ete.). [15a] 
Equation [15a] will be rewritten in the equivalent form 
E = f(t, 00, Wo, Yo, etc.) [15b] 
from which it follows from the principles of calculus that 
dE/dt = (@E/di)di/dt + (OE /dv,)dv,/dt 
+ (@E/dw,) dw,/dt + --- 
which will be written for short 


dE/dt = @di/dt + 8B dw,/dt + y dv./dt + --- [16] 


where 


6 (OE 8 (OE /dw,) i 
y= (OE /dv,) i Wo, ete [17] 


The subscripts have been added in equation [17] to empha- 
size the meaning of the partial differential coefficients. In- 
troducing equation [1] puts equation [16] into the form: 


dE/dt = 6 aw cos wt + 8 dw,/dt + y dv./dt + --- [18] 
Then equating d#/dt in equations [14] and [18] yields 


awR, cos wt + (a/C,) sin wt 


= 6 aw cos wl + B dw,/dt + vy dv,/dt + --- [19] 


The plan of procedure now is to evaluate dw,/dt, dv, /dt, 
etc., by the use of the appropriate diffusion equations and so 
to permit the evaluation of R, and C, from equation [19]. 
Before proceeding with this plan, however, an important 
consequence of equation [19] needs to be noted. 

The quantities dw,/dt, dv,/dt, ete., will in general be fune- 
tions with terms in cos wt and in sin wt. Then equating co- 
efficients of these terms one will obtain equations of the 
form 


R, = 0 + fu(B, dw./dt) + fo(y, dv./dt) + --- [20] 
1/C, dw,/dt) + ge(¥, dv,/dt) + 


and 

wl 

wt 

1 sin 

é. IS 

is sig ; 

6 {9 

} 


where f,, and g. are functions obtained by solving a differen- 
tial equation subject to appropriate limiting conditions all 
relating to a particular substance, W. In a like manner f, and 
g» are functions relating to a particular substance, V, and 
so on. That is to say, the faradaic admittance (which is now 
more easily thought of as an impedance) is representable as 
a series combination of resistances and capacitances, each 
referring to a particular substance in the system. More pre- 
cisely, the faradaic impedance is representable as a series 
combination of a resistance @ and a series of characteristic 
impedances, one for each substance in the system (except 
that many turn out to be zero). The resistance @ turns out 
to be simply related to the exchange current at equilibrium, 
as explained below, and the characteristic impedances are for 
the most part not representable in their variation with fre- 
quency by finite combinations of ordinary R’s, C’s, and L’s. 

It will be convenient to classify substances according to 
the differential equations which they must satisfy. Sub- 
stances in the same class can be lumped together in the final 
representation of the equivalent circuit, which results in a 
worth-while simplification. In Part III, which follows, a 
number of the more important cases are listed, and in Part IV 
the appropriate differential equations are set up and solved. 

Without going further, it is possible to evaluate @ from 
certain rather well established principles of reaction kinetics. 
According to these, i, the rate of the forward electrochemical 
reaction, is given by 


= nFw,k, exp(anFE/RT) [22] 
and 7, that of the backward reaction, by 
= nFw.k, exp| —(1 — a)nFE/RT| [23] 


where w, and we are the concentrations of the reacting species 
at the interface, k, and k, are specific reaction rate constants 
whose magnitudes depend upon the zero of the seale of po- 
tentials chosen for the representation of E, the potential 
across the interface. It proves to be unnecessary to stipulate 
where this zero lies, which is fortunate in view of the fact 
that this is the one respect in which equations [22] and [23] 
may be said to be debatable. The transfer coefficient a 
represents the fraction of the potential EZ which acts to fa- 
cilitate the forward (discharge) reaction. In the same way 
1 — a@ represents the fraction of the potential which acts to 
retard the reverse reaction. n is the number of electrons in- 
volved in the elementary act of reduction or oxidation. 
The net current at any potential is 


fut [23a] 
and hence 
= (wikyan*F*/RT) exp(anFE/RT) 
+- [woko(1 — exp|—(1 — a)nFE/RT| [24] 
and therefore 
= (nF/RT)(ai + = 1/0. 


6 has been introduced by means of its defining equation [17]. 
If @ and @ are known experimentally, equation [25] gives all 
that is needed for the evaluation of 7 and 7, quantities whose 
evaluation has long been regarded as much to be desired [13]. 
At the equilibrium potential it is not even necessary to 
know a, since then i is zero. For this special case one has 


leg = leg = RT/nFO or 0 =RT/nFi., [26] 


which is identical with a result obtained by Dolin and Ersh- 
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ler (7, 17) and used extensively in the Russian wor. op jy 
drogen overvoltage (13, 15, 17-20). It is also a more ompac 
form of Randles’ equation [18] (6). To show that this jg 
we begin by quoting Randles’ result, namely 
R RT 

where R, is the equivalent series resistance after the capacit 
of the electrical double layer has been subtracted out jn ¢) 
proper vectorial manner; 1/wC, is the impedance of a ¢oy 
denser which corresponds to the capacitative part of th 
Warburg impedance (see below). Since the Warburg jn, 
pedance has equal capacitative and resistive impedance 
this is therefore also the resistance of the resistive part of ¢} 
Warburg impedance. Therefore, when it is subtracted froy 
R, it gives what we have called @. 

Now Randles’ k is related to his choice of a potential seal 
so that in his system the exchange current 7? at equilibriuy 
is given by the relation 


= nFACk 


where C is the concentration of the reactant to which k refe: 
and A is the area of the interface. Substituting this int 
equation [26] gives Randles’ equation. It may be mention 
that Gerischer (8) also derives an identical result. All fou 
derivations are essentially the same, differing only in th 
number and character of the assumptions which give t! 
appearance of entering into the result. 

If a = '4, as is rather often the case, then from equatior 
{25} and without assuming a state of equilibrium 


RT /n¥FO@ = ia, (27 
where ¢,, is the average of the absolute values of 1 and 
In any ease, whether a = '9 or not, the quantity defined | 


RT /nF@ is an average of the absolute values of 7 and 
weighted according to the fraction of the potential dr 
across the interface effective in promoting the forward rea: 
tion or hindering the reverse reaction. That is 


lee =at+(l—a)i 


and with this definition, equation [27] is as valid as are equa 
tions {22} and {23}. 

It is assumed throughout the paper that only one farada 
process is taking place. If two faradaic processes take plac 
simultaneously, it will usually be possible to consider eac! 
process independently and to regard each process as col 
tributing an admittance in parallel with the double laye 
This is permissible if the concentration changes produced 
by one faradaie process do not influence the second farada 
process. To show that this is so, one writes two equations like 
equation [15], one for each component of the faradaic current, 
but omitting from the equation for the first current the sub 
stances participating in the second reaction. The remainde! 
of the derivation proceeds as before. 


Ill. Classification of Substances 


The substances present in the system are to be classified 


according to the kind of equivalent circuit which must b 


used to represent them. For substances which are formed 0! 
used up at the electrode, some kind of differential equation 


must usually be set up and solved, and such substances are 


naturally classified according to the kind of differential equa 
tion involved. However there are two kinds of subst-nce 
which make virtually no contribution to the equivalent ci 
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it, avd these are lumped together in class I. The scheme of 
ation follows: 


‘lass I.—Substances for which (@F/dv,)dv./dt = 0 or so 
rly «s to make no difference in the observable results. This 
3 includes, first of all, those substances which do not par- 
pate in the electrochemical reaction. The factor 0E/dv, is 
J] because the concentration of a nonparticipating sub- 
nee affects the activities of the participating substances 
yas a second order effect, say through its effect upon their 
ivity coefficients. In addition, the factor dv,/dt is small for 
aparticipating substances. It is not zero because of the ef- 
t mentioned above whereby changes of concentration are 
»netimes produced incidental to the charging and discharging 
the electrical double layer. This is in itself a small effect, 
| the product of two such small factors may be ignored 
wfely. 
It might be thought that the charging and discharging of 
» double layer would have a profound influence upon the 
ndaic current because of a “blocking” effect of the inert 
s there. Upon closer examination this is found to be not so. 
though it is true that a reducible ion, say cadmium, in the 
essence of an excess of an inert electrolyte, say potassium 
oride, will be removed from the electrical double layer at 
ficiently eathodie potentials, more will diffuse into the 
ible layer at a rate controlled by the diffusion coefficient. 
thing is known of diffusion coefficients within the electrical 
ible layer, but since it is the diffusion of a neutral substance 
ay cadmium chloride) which is under consideration, and 
ce the thickness of the double layer is small compared to 
e thickness of the diffusion layer, there is no reason to sup- 
se that changes in the concentration of the ions in the double 
er will markedly affect the diffusion of cadmium chloride 
to it. That is to say, the normal mode of treatment of the 
fusion of cadmium chloride will not be rendered invalid by 
e influence of the electrical double layer. 
here is a further fact which tends to make this conclusion 
atisfactory. If substances of class I are present alone, there 
sno faradaic current and no faradaic admittance. Otherwise 
ited, @ is infinite for all possible reactions and the magnitude 
the other impedances in series with it is inconsequential. If 
ibstances of class I are not present alone, then the substances 
‘the other classes will have so large an effect upon the imped- 
ce, and especially upon the frequency dependence of that 
pedance, that their effects will entirely overshadow the 
fing effects of substances of class I. Thus it does not appear 
he necessary to consider in more detail an effect which can 
rdly make itself felt under any circumstances. 
\nother group of substances which is to be regarded as be- 
ging to class I comprises those substances which participate 
the electrochemical reaction but whose concentrations (or 
re strictly whose activities) do not change as a result of that 
wtion. Silver chloride at a silver surface in a solution of 
tassium chloride might constitute an example of such a 
ibstance. "The activity of the silver chloride is invariant, or 
least it is usual to regard it as such, making the factor 
dt equal to zero. Possibly a newly formed deposit of silver 
loride is not in its most stable state, so that it is not certain 
it this constitutes a bona fide example of a substance of 
iss T. An-even more doubtful example of such a substance is 
iat of a solid metal which participates in the chemical reac- 
on. Thus a newly formed deposit of metallic silver is quite 
‘ely to be in a state more chemically active than its standard 


tate, in which case it would not be proper to regard dv,/dt as 


lentieally zero. It should be mentioned in passing that for 


lids whieh change their chemical potential under strain it is 


eeessary to regard v, as the activity of the substance in ques- 
on rather than its concentration. This follows from the fact 


iat equation [15] and those which follow from it would not 


the wise be significant, since the concentration is practically 


iva-iant whereas the chemical potential is not. For other sub- 
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stances it is much more convenient to retain the definition of 
v, w, etc., as concentrations. 

Solvent molecules, even when they participate in the elec- 
trochemical reaction,® will ordinarily belong to class I. 

Class II.—Substances which undergo periodic changes of 
concentration at the interface as a result of the electrochemical 
reaction, but which do not undergo secondary chemical reac- 
tions either before or after the electrochemical reaction. Such 
a substance might be a cadmium salt or other metallic salt 
with a reducible cation. The basic requirement to be met is 
that the concentration of the substance must be given at any 
instant by the diffusion laws together with Faraday’s laws, 
and without the necessity of considering any further chemical 
reactions. In a solution of hydrochloric acid (with or without 
the admixture of other electrolytes) the substance HCl will 
belong to class II but hydrogen atoms will not (because they 
are subject to further reactions). 

Class ITI.—Substances which undergo periodic changes of 
concentration at the interface as a result of electrochemical 
reaction, and which, in addition, combine with themselves 
spontaneously at the interface according to a second order 
rate law. It is further required that substances of this class 
shall not diffuse appreciably into either phase. This classifica- 
tion is intended to apply to hydrogen atoms on the surface of 
a metal into which they do not diffuse appreciably. 

Class IV .—Substances which undergo periodic changes of 
concentration at the interface as a result of electrochemical 
reaction, and which are capable of diffusing into at least one 
phase, there to combine spontaneously according to a second 
order rate law. There is no need to consider a surface recom- 
bination here because the atoms are considered to be dissolved 
in the lattice and all concentrations are to be expressed in 
amounts per unit of volume. This contrasts with substances of 
class II where the unit of concentration is amount per unit of 
area. Class IV is primarily intended to represent hydrogen 
atoms on a surface which allows them to diffuse into it appre- 
ciably. 

Class V.—In case a slow homogeneous chemical reaction 
precedes the electrochemical reaction, with only the product 
of the reaction directly involved in the electrochemical reac- 
tion, one has what Gerischer and Vetter have called a ‘‘vor- 
gelagerten’’ reaction (8, 10). The substance immediately in. 
volved in the electrochemical reaction will then be said to 
belong to class V, whereas the substance which gives rise to it 
will belong to class I (supposing that it itself does not react 
at the electrode directly). 

Class VI.—This class comprises substances such as metallic 
oxides and metallic films which are present in too small quan- 
tities to have the chemical and thermodynamic properties of 
the same substance in bulk. Thus a surface layer containing 
anywhere from a fraction of a monolayer to several molecular 
layers would belong to class VI. Such substances do not belong 
to class I because dw,/dt does not vanish when the layer is so 
thin that it does not have its bulk value of chemical potential. 
On the other hand, some substances which would belong to 
class VI according to the definition just given must in fact be 
excluded from it. These are substances which are formed es- 
sentially instantaneously at the interface, so fast that there is 
no time lag (in the units of time which are experimentally 
significant) between their arrival at the interface and their 
reaction to form an adsorbed layer. For these substances equa- 
tion [15a] does not apply; the current is a function not only of 
the variables listed, but also of dE/dt. Such substances are 
components of the electrical double layer and the current which 
goes to form it is not a faradaic current in the sense of our 
definitions. Thus iodide ions are adsorbed, we say, instantane- 
ously, and if the potential is such that the compound of iodide 
jon and metal is not thermodynamically stable as a bulk sub- 


* The term “electrochemical reaction’’ is here used in its 
original sense to mean any chemical reaction involving a trans- 
fer of charge from a metallic to an ionic conductor. 


| 
375C | 
| 
ior 
q 


stance, the adsorbed ions remain at the interface, precluding 
the flow of more current to form more of the ‘“‘compound.” 
This happens, not because of geometric considerations, but 
because the adsorbed ions constitute part of the electrical 
double layer and generate an electric field which opposes the 
approach of more ions. If the bulk compound can form, that 
means that the opposing field is never large enough to prevent 
the approach and reaction of more ions. Then the current is 
faradaic. 

In the case of very fast but not instantaneous reactions, the 
distinction between a faradaic and nonfaradaic current be- 
comes somewhat arbitrary. Analytically the current is always 
faradaic if the reaction is not instantaneous, but if the recip- 
rocal of the frequency is small compared to the half-time of 
reaction, the current can equally well be regarded as non- 
faradaic. This is a small but intricate point which we shall 
not further consider here. 

Further classes.—A class of substances could be defined to 
comprise those which form as a result of the electrochemical 
reaction, then diffuse into one or the other of the phases, there 
to react with one another according to a second order rate law. 
No substances are at present thought to belong to this class. 
Until some possible examples are uncovered, the class will not 
be given a number. 


IV. The Differential Equations and Their Solutions 
Substances of Class I 


It has already been explained that substances in class I 
make no contribution to the faradaic admittance. This usually 
includes all but two substances, the oxidized and the reduced 
forms of what is commonly called the potential-determining 
substance. 


Substances of Class II 


This is the class of substances first treated by Warburg 
(2) and subsequently in various ways by many authors. The 
treatment to be given here has certain elements of novelty, 
particularly as regards the influence of transference, but is 
presented chiefly for the sake of clarifying what has long been 
considered a rather troublesome derivation. The troubles, 
it may be pointed out, have largely arisen from too little dis- 
cussion of the many factors which need to be considered in 
order to justify the derivation. 

The basic differential equation governing the diffusion of 
substances which do not undergo secondary chemical reac- 
tions is Fick’s second law” 


Ow /dt = [28] 


where w is the concentration of a substance W of this class 
and ¢ is the diffusion coefficient of the substance in whichever 
phase is under consideration. It need not be a constant as far 
as our conclusions are concerned because we shall be interested 
only in small (and in the limit zero) changes of concentration. 
A point which has escaped mention in previous treatments 
of this problem (but one which does not enter into the treat- 
ments of Randles or of Gerischer because they have limited 
their discussions in a way which eliminates this question) is 
that one cannot apply equation [28] to charged species except 
under rather special circumstances, namely in the presence 
of an excess of an inert electrolyte. lons do not diffuse inde- 
pendently of one another except under these conditions, and 
it is necessary under other circumstances to choose for the 
substances in equation [15a] neutral substances and pairs of 


'° The equations in this section refer always to a planar 
interface. However, if the radius of curvature is large com- 
pared to the half-thickness of the diffusion layer, the equations 
can be used also on curved surfaces. This point is discussed 
in somewhat more detail by Gerischer (8). 
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ions (i.e., salts) representing the electrolytes pres: ut. Th 
faradaic current causes the appearance or disappes ance 
the interface of equivalent amounts of ion pairs, if on: choos 
to look at it this way, just as Faraday’s laws can be ey presse 
without reference to ions. If the faradaic current" is ciyey 4 
before by 7, then the amount of the component W produce, 
at the interface will be i(u. + t.) or i(ua — ta), with 
understanding that if the anion and cation of the electrolyyg 
are not present in equivalent concentrations, the one wit! 
the lesser concentration will be employed (because part » 
the other ion “belongs” to another salt). Here t, and ¢, ar 
the fractions of the current carried by the cation or ani 
respectively of the ion pair W. yu, is the “electrode transfe, 
ence number,” the number of equivalents of the cation of t} 
electrolyte W produced by the passage of one faraday of ele 
tricity across the interface. Ordinarily it will equal +1, 

or 0 depending upon whether the cation is produced, used y 
or neither. uw, has the same significance for anions. We sh 
let GS be the number of equivalents of the substance W caused 
to appear at the interface by the action of one Faraday , 
electricity" so that 


+t. or G = Ma — la 


according to which ion is present in the lower equivalent co: 
centration. If the two are present at the same equivalent 
concentration, the two expressions are equal. In case W is 

nonelectrolyte (not a salt) G will be positive or negatiy 
depending upon whether it is produced or consumed as 

result of the electrochemical reaction. 

This rather complicated system of nomenclature is neces 
tated by the fact that since ions do not diffuse independent 
of one another, one must treat the diffusion of salts rath 
than of ions. In order to understand how this has been do: 
it is necessary to remember that transference does not | 
itself produce concentration changes. It does, however, affect 
the amount of uncharged electrolyte produced at the inte 
face by the action of the current. This is the quantity whi 
the factor G is intended to take into account. 

If the faradaie current is given as before by i, + as 
wt, then the amount of component W caused to appear «! 
the interface will be G times this, and all of this must |» 
removed from the interface by diffusion or convection. Tly 
effects of convection will be neglected because the significant 
part of the present treatment has to do only with the alte: 
nating component of the current and hence only with th 
alternating component of the convection, which is sure! 
negligible if not identically zero. Even if the solution © 
stirred, the effect of convection on the alternating component 
of the concentration will remain negligible, since any influenc: 
of stirring would be in the direction of rendering the effect 
smaller. 

From Fick’s first law of diffusion one would ordinarily 
write 

— = ivy + ar,sineat atr =0 [29 

"Tf ¢ is given in amp/em®*, w will be expressed in coulomb: 
em and ¢ in cm?*/sec. In this system of units the area and lars 
day’s constant do not appear explicitly. 

12 The positive direction of the current will be assumed to! 
that for which electrochemical reduction occurs. G differs 
from yw because transference carries the ions of the substance ! 
toward or away from the interface. Nevertheless one can spe** 
of the number of moles of the neutral substance W cau-ed ! 
appear at the interface, because of the requirements of cle 
troneutrality. One must distinguish between the meani: & °' 
the words “‘produced”’ and “‘caused to appear’ in order 
understand this point. 
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ere’ is equal to +G when diffusion occurs in the phase 

which 2 is positive and to —G when it occurs in the other. 
ere is & fallacy in equation [29], however, in that it ignores 
4» concentration changes produced by the nonfaradaic cur- 
ot. These are taken into account by writing instead of 
ation [29] 


-dw/Ox = iy + avy sin wt + b(t. — 7.) sin (wt + 8) 
atz = 0 [30] 


here 6 is the phase angle between the faradaic and nonfara- 
jc currents, as before, and 7, is the transference number of 
e electrical double layer for the cations. By this we mean 
e fraction of the current carried into or out of the electrical 
uble layer by the cation in question, a quantity which can 
sand has been evaluated for the mercury-solution interface 

a number of cases. It is equal to C*+/C, where C is the 
ferential capacity of the electrical double layer and C* is 
e part of that capacity attributable to the entry and de- 
ture of cations during an infinitesimal transfer of charge. 
\: before, if the concentration of cations in the solution is 
t equivalent to or less than that of the anion with which 
‘is considered to be associated, then one should write 7, — 
forte — Te 

To begin with we shall consider that the final term in equa- 
ion [30] can be neglected, making equation |29] valid. This 
| be so in the presence of an excess of an inert electrolyte 
then ¢. and r, will both be essentially zero) or in case the 
tio b/a is small (in the presence of considerable faradaic 
rent) or in case t, = 7,., which can easily happen because 
-. varies with the potential. 

A further condition which must be satisfied is that w — 
mstant as |2| ©. In order to solve equation [29] com- 
etely it would be necessary to impose some further bound- 
y conditions as well. Thus one could require that w = 0 
vall values of z when t = 0, or any other condition repre- 
euting a desired initial condition. In any case the solution 
tukes the form 


= f(x, t) + (av 


E (. =) — cos | [31] 


vhere = (2e/w)! [32] 


nd f(z, t) is a function of xz and ¢ satisfying equations [28] 
nd {29} when a = 0, i.e., when there is no superimposed 
iternating current. If W is a product of the electrochemical 
reaction, and in the absence of further boundary conditions, 
will increase without limit at all values of x as ¢ increases. 
this is physically evident (since there is no mechanism for 
removing W from the system) but will not be proved since 
tis not essential to the argument. It is of considerable prac- 
tical importance, however, since it means that no steady 
tate can be reached by diffusion alone. Thus in ordinary 
Wlarographie measurements it is necessary to achieve a 
eproducible state which is not a steady state by continually 
eplacing the electrode If a solid electrode which cannot 
readily be replaced is used, provision must be made for re- 
noving the products of electrolysis or no steady state can be 
ichieved. Thus in any discussion of the properties of elec- 
trodes one must consider either a steady state or a reproduci- 
ble state based upon some known conditions at a particular 
value of t. If a steady state is under consideration, f(x, t) 
will reduce to a function of x alone, in which case it will con- 
trilute nothing to dw/dt and therefore contributes nothing 
to the remainder of the discussion and could as well be 


droped. 
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When a reproducible but not steady state is considered, 
the situation is not quite so simple. Then w will be a slowly 
varying function of time, and it is necessary to consider 
whether a Fourier analysis of this function would yield a 
component of frequency w/27. This is a fairly complex prob- 
lem to which only a practical answer will be given. If the 
repetition rate of the phenomenon (the reciprocal of the drop 
time for instance) is small compared to the frequency under 
investigation, only a small contribution to dw/dt will arise 
in this manner. Then it will be possible to detect the con- 
tribution of the superimposed current in spite of a back- 
ground of “noise’’ arising from the lack of a steady state. The 
unwanted contribution to dw /dt will be incoherent (of random 
relative phase) and will therefore contribute no systematic 
error to the observation of dw/dt. This means that for our 
purposes we can ignore f(z, t) in equation [31] even when a 
true steady state has not been achieved. 

From equation [31] 


dw, /At = (arwr/w/2e)(sin wt + cos wt) [33] 


where it will be recalled that w, is w at x = 0. This result can 
be inserted into equation [19] to give 


awR, cos wt + (a/C,) sin wl = Baw cos wt + v dv,/dt 
[34] 
+ (Barwr/ w/2e)(sin wt + cos wt) + --- 
So far it has been considered that W is a substance capable 
of diffusing only in one phase. It might conceivably be able 
to diffuse into both phases, or one might have two substances 
of class II, one of which diffuses into one phase and the 
other into the other. In any case the equations are to be set 
up anew for each phase and for each substance. The solutions 
are independent of one another. Thus for two substances of 
class II, two sets of differential equations would be set up 
and solved (independently) and the appropriate values of 
dw,/dt employed in equation [19]. The second substance 
could be called V in equation [19], but this will not be done 
because we wish to reserve the symbol V for substances of 
classes III and IV. Instead we shall use the subscripts ; and » 
to denote two substances of the same class (or a single sub- 
stance capable of diffusing in both phases) and their asso- 
ciated properties. Then for each substance in each phase 
where it occurs, a result having the form of equation [33] 
will be found and equation [34] will become 


awR, cos wt + (a/C,) sin wt = Baw cos wt 
w/2e)(sin wt + cos wt) [35] 
+ w/2es) (sin wt + cos wt) 
which may be written for short 
awR, cos wt + (a/C,) sin wt = Baw cos wt 


[36] 
+ anw'|sin wt + cos wt] + y dv,/dt + --- 


n= 137] 


where 


In case all the substances present are of classes I and II 
the final term in equation [36] can be dropped. Equating co- 
efficients of sin wt and of cos wt gives the two equations: 


R, = 0 + n/a! [38] 
C, = 1/nw! 
or after eliminating 


R.Cw = 1 + |40} 
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When the reaction in question is infinitely fast (in the absence 
of diffusion control), @ = 0. This is apparent from the defini- 
tion of @, equation [17], or from equation [27]. In that case 


R.Cw = 1 


which was Warburg's result (2). It is now seen that that 
equation is expected to be valid only after correcting for the 
capacity of the electrical double layer [as was first pointed 
out by Kriiger (3)} and with the added restriction that the 
electrochemical reaction be infinitely fast in the absence of 
diffusion control. In addition it is necessary that all of the 
substances present belong to classes I or II." 

It is possible and helpful to visualize equations [38] to [41] 
with the aid of a simple device. We note first that R,C.w = 
cot 2, where Q is the phase angle between the current and 
impedance vectors of a circuit consisting of a resistor R, and 
a condenser C, in series. Then a circuit for which R,C,w = | 
at all frequencies would be one for which 2 = 2/4 at all fre- 
quencies. The resistive and capacitative components of the 
impedance therefore remain equal. Moreover the resistance 
and eapacity both vary inversely as the square root of the 
frequency (ef. equations [38] and [39]). Expressed as a paral- 
lel cireuit, the resistance and capacity would again vary in- 
versely as the square root of the frequency, although the re- 
sistance would be twice as great and the capacity half as 
great as before. All of these properties may be included in a 
new symbol: 


which will be terméed'a Warburg impedance in recognition of 
the fact that Warburg seems to have been the first to describe 
its properties and to relate them to this problem (2). The 
important thing to note about the Warburg impedance is 
that it is not the same as any combination of fixed capacitors 
and resistors because its change of impedance with frequency 
is different from any of these. At zero frequency its impedance 
becomes infinite in magnitude, but it is important not to con- 
fuse zero frequency with direct current in this circuit, since 
its resistance to direct current is not infinite but finite and 
indeterminate (by definition). In this respect, also, it is unlike 
the series or parallel combination of any ordinary impedances. 
The reason for setting its d-c resistance equal to an indeter- 
ininate but finite value is that the differential equation whose 
solution it is intended to represent does not demand an in- 
finite resistance to direct current but rather the reverse, i.e., 
a finite resistance to permit the passage of the faradaic cur- 
rent. The resistance is indeterminate because it depends upon 
the function f(z, t) whose form depends upon unspecified 
boundary conditions. 

To make the Warburg impedance quantitative it will be 
said to have the magnitude 94 when its impedance satisfies 
equations [38] and [39] (with @ = 0). When the only sub- 
stances in the system are those of classes I and II, when the 
interface is smooth and homogeneous, and when the last 
term in equation [30] is zero, the entire system, metal-solu- 
tion, can therefore be represented by the equivalent circuit 
shown in Fig. 1, where Cg; is the double layer capacity, Reo, 
is the resistance of the solution, @ is a pure resistance equal 
to RT /nFi,,, and-W- is the Warburg impedance defined 


“8 These conclusions are implicit in the writings of all recent 
authors. A discussion of the diffusion wave is given by Geri- 
scher (8). 
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Fie. 1. Equivalent circuit for the system containing sul 
stances of classes I and II. 


above. This statement summarizes the results obtaine: up te 
this point. 

It is easy to evaluate 8; in case the diffusing substance W 
is present at low enough concentrations so that the rate of 
change of its activity coefficient with concentration is sma| 
provided the net current is zero, and provided the substance 
is what is ordinarily called the potential-determining sy!) 
stance (or one state of the potential-determining substance) 
in that phase. Then the Nernst equation is valid (becays 
the system is at equilibrium) and we may write from the detiJ 
nition of 8B (equation |17})" 


= — RT /n Fw, 


where w, is the concentration of W, close to the interface but 
not in the electrical double layer itself. The reason for re 
stricting the definition of w,; to a position just outside tl 
double layer is that the Nernst equation refers to the con 
position of the bulk solution with which the interface is \) 
equilibrium. 

The Warburg impedance is now fully defined for the equ 
librium case in terms of ordinary variables. Equation [37 
when used in conjunction with equation [42], gives a result 
in agreement with, but somewhat more general than, Ra: 
dies’ equations |{16] and [17]. Gerischer (8) gives a simils 
result (referred to the diffusion of a single substance in 
single phase), and so does Ershler (7). 

It is of interest that (8,)., is not a function of the specili 
reaction rate constant, and the same is therefore true of 7 
This is in agreement with the observation of Randles (( 
that surface-active materials reduce the exchange current but 
do not affect the Warburg impedance at equilibrium. 

The constant 6; can be evaluated for nonequilibrium con 
ditions through the use of equations [22], [23a], and [27) as 
follows: 


OE OR di 
= = 42s 
By (3 (2). ° 


= —0i/w, = —(RT/nFw;)( /iae). [43 
By = = (RT /nFwe)( /iae) 


Likewise 


where i,, is the weighted average defined by equation |27a 

Equations [43] and [44] elucidate the behavior of the pseu 
docapacity as one goes through the half-wave potential in « 
typical polarographic experiment with a reversibly reducibi 
ion such as Cd**. Atall potentials i /ia» is of the order of mag 
nitude unity (it lies between unity and 1/a because the re 
verse current never exceeds the forward current) and _ there 


'“ This use of the Nernst equation does not introduce th 


assumption that equilibrium persists during the changes ©! 


composition caused by the passage of the alternating curren! 
What is done is to evaluate 8 from its definition. In this con 
nection note that equation [43], which is obtained without th: 
use of the Nernst equation, could also be used to derive «qu 
tion [42]. 
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8, depends chiefly upon w,. This means that 8, will be 
oy large at potentials considerably above the half-wave 
tential, but not elsewhere. 

inv similar way ¢ /ig» will be of the order of magnitude 
ity or less (because /ige = — 80 that large 
jues of By ean be realized only when w, is very small This 
ypens below the half-wave potential. Now 9 depends upon 
e sum of | 8,| and By (or more strictly of | 8) |/+/ 1 and 
See equation |37]), and since 8, is large above the 


Jf-wave potential and 8, is large below it, and since neither 
.jarge4n the neighborhood of it, it follows that n will reach 
minimum in the neighborhood of the half-wave potential 
r reversibly reducible ions). A large value of 7 means a 
gall faradaic admittance, which is to say that the pseudo 
pacity and polarization resistance associated with the re- 
ersible reduction and oxidation of the ion will disappear at 
otentials somewhat removed from the half-wave potential. 
As one would expect from common sense considerations, 
the faradaie admittance is very small below the half-wave 
otential for another reason, namely that there is practically 
 faradaic current. In terms of the present formulation of 
the theory, @ becomes large below the half-wave potential 
ecause ig» is very small there (ef. equation |26]). A large 
ue of @ restricts the faradaic admittance for the same rea 
on that a large value of 7 does. 

The situation is considerably different from that discussed 
hove when we come to consider reactions which are not re- 
ersible. In terms of the present nomenclature, these are 
eactions for which the exchange current is small at the 
quilibrium potential. Then @ is large at that potential and 
the faradaic admittance will not appear. The half-wave po- 
tential (where i = i4/2) will be somewhat greater than the 
quilibrium potential in this case. There @ will be smaller 
than at the equilibrium potential (because 7,, is now much 
wger) but is not necessarily small enough to permit the ob- 
ervation of the faradaic admittance. In order to discuss this 
se satisfactorily it is necessary to put it into mathematical 
mm. 

This can be done by considering an idealized arrangement 
atterned after the polarograph but much simpler to analyze 
thematically. Such an arrangement, which we shall call a 
uperpolarograph, can be imagined as follows: mercury and 
the solution under investigation (containing a reducible sub- 
tance in small amounts and an inert electrolyte in much 
wger amounts) will be supposed to be in contact at a plane 
aterface. At some arbitrarily chosen plane lying parallel to 
the interface and within the solution the reducible substance 
", will be supposed to be added to the system at a rate equal 
to that at which it is being removed from the system by the 
wtion of the electric current. Under steady-state conditions 
the concentration of W, will be a linear function of the dis- 
tance between the interface and the plane selected above. 
Its concentration at the interface, w;, will be a linear function 
{ the current so that 


w, = — [44a] 


where w,° is the concentration in the interior of the solution 
ind dy is the diffusion current, i.e., the current which flows 
when the potential is such that only the rate of diffusion 
mits the current. 

In a similar way the product of the reduction, We, will be 
supposed to be removed (by unspecified means) from an 
irh:trarily selected plane lying parallel to the interface within 
the phase into which W, diffuses. Its concentration gradients 
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will again be linear and the equation for we, the concentra- 
tion at the interface, will be 


= we?(t/ta) [44b] 


where w,’ is the upper limit of concentration of W, at the in- 
terface when the diffusion current ig is flowing steadily. 

These equations are probably approximately valid under 
ordinary polarographic conditions, for which the exact equa- 
tions are not known. 

The remainder of the calculation is purely algebraic. Equa- 
tions [44a] and [44b] are first substituted into equations [22 
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RT /200nF = 148 X amp/em?; wi we = RT/nF = 0.0295 
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and [23] and the resulting equations solved, together with 
equation [23a], for 7 and 7. The results are 


th 


where f = [nFw,’k, exp (anFE/RT)|/iy and 
h = exp | —(1 — a@)nFE/RT}|/ia. 


With these values of 7 and 7 it isa simple matter to find w, 
and we. (from equations [44a] and [44]) and so to evaluate 
8; and Bs. The results are 

RT 1'+f+ A 


ome 3 d > 
nFuy a + [44e] 


RT hil fth 
ath 
With suitable values of the constants, this is all one needs 
for the evaluation of the faradaic impedance (equations [37— 
39]). A plot of the logarithm of @ + 9/w’ is given in Fig. 2 
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for a suitable choice of constants and for various values 
of nFw,°k,, which has to do with the intrinsic speed of the 
reaction. The curve with the lowest minimum corresponds to 
a fast reaction and the remaining curves in the numbered 
order correspond to successive ten-fold decreases in the in- 
trinsic speed, nFw,°k,. The half-wave potential is marked 
with a short vertical crossline on each curve. The ratio of k, 
to ke is kept constant, which means that the equilibrium 
potential is kept constant and may be considered to be at 
E = 0. 

It will be seen from the curves that the half-wave potential 
shifts in the direction of more cathodic potentials as the in- 
trinsic speed of the reaction is made smaller. The same thing 
is without doubt true of ordinary polarographic measure- 
ments. The minimum in each faradaic impedance curve also 
shifts in the same direction as the intrinsic speed is made 
smaller and at the same time the minimum increases in abso- 
lute value. That is to say, the faradaic admittance becomes 
less easy to observe as the intrinsic speed of the reaction be- 
comes smaller and the potential at which it would be expected 
to be most easily observed becomes more cathodic, shifting 
even more rapidly than does the half-wave potential. These 
are essentially the results observed in an ordinary polaro- 
graphic experiment when one attempts to measure the pseu- 
docapacity and polarization resistance at the surface of a 
mercury droplet in the presence of a reducible substance. 
Experiments so far carried out are still too few to make it 
possible to assert that the agreement is complete, however. 

The actual numerical values plotted in Fig. 2 depend upon 
the choice of numerical constants and even the shape of the 
curves depends to some extent upon this choice. The values 
chosen were considered reasonable for comparison with the 
results of ordinary polarographic measurements. For pur- 
poses of orientation, it may be mentioned that the impedance 
of the electrical double layer amounts to about 10 ohm-cm? 
at 1000 cycles, which shows that a parallel faradaic imped- 
ance of several hundred ohms might be expected to be difficult 
to measure. That is why the pseudocapacity and polarization 
resistance seem to come in only over a very limited range of 
potentials, as observed. 

The more general boundary condition, equation [30], will 
now be considered. The solution is the same as that already 
found except that it now contains an additional term” w’, 
having the same form as the first. Then 


w = right side of equation [31] + w’ 


w’ = {b(t. — 126} 
4 sin (wt cos +3 -*) 


du, /at = {b(t.— feos (wt + 6) + sin (wl + 5)} [46] 


and 


where w,’ is w’ atz = 0. Expanding the sine and cosine terms, 
substituting the result into equation [19], and equating coeffi- 
cients of the terms in sin wt and in cos wt gives 


= [q(te — 6 + sin 5] [47] 
= [a(te — 7-)/(2ew)' 5 — sin 4] [48] 


where q (equals b/a) is given by equation [12], 6 by equation 
{11], and where R," is the equivalent series resistance of 
that part of the faradaic admittance attributable to the effect 


‘6 This use of the prime is not related to the use made of it 
in equation [15]. 
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upon the faradaic admittance of the concentration « hange 
caused by the nonfaradaic current. C,"’ has a simils 
ing relating to the capacity . 
The impedance defined by equations [47] and [48) wil] jell 
called Z™ and could be represented by the symbol II’. , 
kind of an extra Warburg impedance. Strictly speaking 7" 


mear ] 


and -II’- will refer to a summation of terms of the form off 


equations [47] and [48], one for each substance of class [ jy 
the system. Since both 6 and q are in themselves functions 
of the frequency, it is understandable that the impedance 
-II’- will be a complicated function of the frequency. Fo; 
this reason it is preferable where possible to make t, — r, < 
0. This can be done most easily by having an excess of ay 
inert electrolyte present. 


Substances of Class III 


Class III comprises substances which are formed at the 


interface but which are incapable of undergoing diffusion and 
which combine with themselves on the surface according to 4 
second order rate law. The most obvious example of this is 
that furnished by atomic hydrogen on the surface of a meta! 
into which it cannot diffuse. The initial product of the elec 
trolysis (say, hydrogen atoms) reacts either with itself in 4 
bimolecular reaction or electrochemically with another com 
ponent of the solution (hydronium ions or water) to form 
hydrogen molecules. More generally, the initial product, V, 
reacts either chemically or electrochemically to produce 4 
substance V, (a dimer of V). This reaction is to be considered 
spontaneous, so that AF < 0 and equilibrium does not exist 
between V and V»2. If equilibrium does exist, then V and V 
are to be regarded as forms of the same substance. In other 
words, subsequent reaction of V to form V, does not ther 
affect the results. If equilibrium exists, the reaction by whic! 
it is attained must be rapid relative to the slow step, as is 
evident kinetically. Thus one does not have to consider th: 
case where equilibrium exists but is attained only slow) 
that being a contradiction in terms as long as current is 
flowing. 

Two kinds of secondary reaction need to be considered 
It is of interest that the problem can be treated without as 
sumptions as to the relative importance of the two. We sha! 
begin by reviewing the nomenclature often used in discussion 
of this subject and explicitly set down by Parsons and Bockris 
(12) as follows: 

1. The discharge reaction: ‘‘A proton is transferred from 
the solution side of the [interface] to an adsorption position 
on the electrode surface. The transfer is understood to in 
volve the simultaneous neutralization and desolvation of the 
proton.” 

2. The catalytic reaction: “Two hydrogen atoms adsorbed 
on the electrode surface combine to form a hydrogen mole- 
cule.” 

3. The electrochemical reaction: “A proton is transferred 
from the solution side of the [interface] in such a way that it 
combines immediately with a hydrogen atom adsorbed on the 
electrode surface and with an electron from the metal.” 

As Parsons and Bockris point out; “It may be noted that 
the discharge reaction must occur during all cathodic evolu- 
tion of hydrogen while the catalytic and electrochemical reac- 
tions are alternative (or simultaneous) processes.”’ In the dis 
cussion to follow we shall consider them as simultaneous 
processes, this being the general case. No assumptions are 
needed concerning the rate-determining process."® 


‘6 Strictly speaking there is no one “slow step”’ in the dis- 
charge of hydrogen ions under steady-state conditions, ince 
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Although the system of nomenclature here described is 
ther often used (usually with unspecified variations) in the 
erature, it is the contention of the present writer that it is 
ot etymologically satisfactory. Thus the reaction H + H — 
4, is net a catalytic reaction, although it is probably a cata- 
xd reaction. A descriptive name which is noncommital as 
» mechanism is much to be preferred. With this in mind we 
jall call it the combination reaction. 

The names “discharge reaction” and “electrochemical reac- 
jon” are likewise unsatisfactory in that either name could 
pply to either reaction. Both are electrochemical and both 
re discharge reactions. We shall call them by the descriptive 
ames “primary discharge” and “secondary discharge’’ reac- 
‘ions. In general the distinction will be that the primary dis- 
harge reaction does not involve previous products of dis- 
harge, Whereas the secondary discharge does. 

The discharge of hydronium ions (or of water) therefore 
tarts with the primary discharge reaction, producing hydro- 
yn atoms. The recombination and secondary discharge reac- 
ions then compete for these hydrogen atoms. The differential 
«uation to be satisfied by v,, the concentration of hydrogen 
toms on the surface, is: 


,/dt = m(i, + asin wt) — (1 — m)(i, + asin wt) — kv,? [49] 


shere m is the fraction of the current carried by the primary 
lischarge reaction, and k is the reaction rate constant for the 
ombination reaction, taken to be second order, as is ex- 
tremely probable for a bimolecular reaction. It is not at all 
ificult to derive comparable equations for other orders, but 
this will not be done in the absence of any information sug- 
resting that it may be physically important to do so. 

Equation [49] is stoichiometric in character and asserts that 
the rate of increase of concentration of V equals the rate at 
‘hich hydrogen atoms are added to the surface by the pri- 
ary discharge reaction, minus the rate at which they are 
emoved by the secondary discharge reaction, minus the rate 
it which they are removed by the combination reaction. It 
s interesting and important that it is not necessary to know 
the rate law for the secondary discharge reaction, since this 
vould introduce a large element of uncertainty into the cal- 
ulation if it were needed. 

For convenience of notation let g = 2m — 1. Then g varies 
rom unity (no contribution from the secondary discharge 
eaction) to zero (no contribution from the combination reac- 
tion). Equation [49! becomes 


dv,/dt = ig + ag sin wt — kr,’. 150) 


This equation has been solved completely for an appropriate 
et of boundary conditions,” but since the complete solution 
snot needed, but only the steady-state solution, only the 
itter will be given here. It can be found very readily by not- 
ing that the steady-state solution must be of the form: 


= 0, + Asin wt + B cos wt [51] 


where v, is the steady-state concentration of V, and A and B 
we small constants (approaching zero in the limit) to be 
evaluated. The necessity for the form of equation [51] arises 
from the fact that all harmonics will be infinitesimals of 


ll steps in series are necessarily equally fast. But there may 
he a rate-determining step in the sense that one step has a 
low rate constant whereas the others are held in check by ex- 
'reinely small concentrations of the reactants. 

“The author is grateful to Professor R. Breusch of the 
\mherst College Department of Mathematics for assistance 
in obtaining this solution. 


higher order.than the first and can therefore be neglected, as 
is known in theory and as is also borne out by the complete 
solution mentioned above. 

Substituting equation [51] into equation [50] and equating 
coefficients of like terms gives the three equations: 


ve = (iog/k)! (52) 

A = agG/(G? + w’) 53] 

B = —aqgw/(G + w*) [54] 
where G = 2(igk)! = wok. 


From equation [51] one can find dv, /dt 
dv,/dt = Aw cos wt — Bw sin wt {55} 
which when substituted into equation [36] gives 
awR, cos wt + (a/C,) sin wt 
= Baw cos wt + anV alsin wt + cos wt] [56] 
+ yAw cos wt — yBw sin wt. 
Equating coefficients of like terms gives 
R, = 8 + + w*) [57] 
1/C, = nV + + [58] 


We now define an impedance -III- whose properties are those 
defined by the last terms of equations [57] and [58]. That is 
to say, the equivalent series resistance R,"' and capacitance 
Cc," will be given by the relations 


= GI/(@ + [59) 

= @ + (60! 
and also = G/w (61] 
where J = yg, a constant. 


This impedance can be more simply represented by means 
of its equivalent parallel circuit."* With the usual conversion 
formulas, namely 


Rp = R.A + 
Cp = C./(1 + 
where f= RCw 
one has 
= J/G = [62] 
= = (63) 


where R,'" and C,™! are the equivalent parallel components. 

The above treatment assumes that g does not vary as a 
result of the flow of alternating current. It is evident that 
this will be true when g is either close to unity or close to 
zero. It will be shown in a subsequent publication that g 
is ordinarily very close to unity. 

It is now possible to depict an equivalent circuit covering 
systems of substances of classes I, II, and IIT. It should be 
recognized that there will always be a substance of class IT 
present along with one of class III, so that the Warburg im- 
pedance is present in any case unless 8 (and therefore also 7) 
is negligible. This can happen, however, as described just 


18 The author is grateful to Dr. H. Gerischer for pointing out 
to him that this transformation results in a simplification of 
the result. 
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below, in which case the substance of class II might be said 
to have degenerated to class I. 

Supposing for the moment that this has not happened, the 
equivalent circuit for a system containing substances of 
classes I, II, and III will be as represented in Fig. 3. 


gs 
Ca 
JAG Rsoin 


Fic. 3. Equivalent circuit for a system containing substances 
of classes I, IT, and ITT. 


It is to be anticipated that the Warburg impedance will be 
unobservable in neutral or alkaline aqueous solutions not 
containing any easily reducible substance. Then the only 
reducible substance is water (at potentials such that the 
cation present is not reduced), and this belongs to class I, 
making no contribution to the impedance. The hydroxy] ion, 
to be sure, belongs to class II and in principle gives rise to a 
Warburg impedance. As a practical matter it does not do so 
for the following reason: looking at equation [42a], 8; is seen 
to be the product of two factors, @ and (01/0dw,)». The latter 
is negligible if not identically zero because the rate of water 
reduction does not depend significantly upon the concentra- 
tion of hydroxy! ion. This is true, at any rate, where the rate 
of the back reaction is small. Therefore 8; will be small com- 
pared to @, since (01/dw), is the ratio of the two. This means 
that the Warburg impedance will always be negligible com- 
pared to @, so that regardless of its absolute magnitude, it 
will not be observed in neutral or alkaline solutions. 

This argument applies to any case where the reverse cur- 
rent is small compared to the forward current provided the 
product of the forward reaction does not influence by its pres- 
ence the rate of the forward reaction. 

In the absence of a continuous direct faradaic current 
i, = 0 and the resistance J /G becomes infinite, i.e., it disap- 
pears from the equivalent circuit. This makes the equivalent 
circuit so simple that it should be feasible to evaluate J and @ 
experimentally. All of this is predicated upon the possibility 
of obtaining a smooth homogeneous surface of a metal whose 
overvoltage is not so high as to make @ very large and the 
faradaic admittance correspondingly negligible (as is the 
case with mercury). Gallium would appear to be a suitable 
metal for this purpose. 

At high frequencies the faradaic admittance always ap- 
proaches 8, and unless this latter is zero the measured over-all 
series resistance and capacity will approach R,,., and Ca; 
respectively. This cun be shown mathematically by deriving 
an equation for the over-all impedance, but it is easier to note 
that the limiting impedance will always be that of the circuit 
which carries the current at the limiting frequency. Thus as 
long as the faradaic impedance contains a finite resistance 6, 
its impedance cannot fall below that value. The nonfaradaic 
branch, on the other hand, is capacitative in character so 
that its impedance falls below any pre-established finite value 
as the frequency is increased indefinitely. This means in prac- 
tice that it is the resistance of the solution and the capacity 
of the electrical double layer which are measured in the limit 
as the frequency is indefinitely increased. The accuracy of 
the measurements falls off with increasing frequency, how- 
ever, particularly as regards the measurement of the series 


Decemt, 19; 


capacity, so that it is always necessary to use an app opriatg 
extrapolation technique, making the best possible us. of th 
data at intermediate frequencies. 

Even if @ is zero, corresponding to an infinitely fat peg, 
tion, the measured impedance will still approach tho sam 
value at high frequencies. This follows from the fact that 
will not then be negligible, meaning that there will be a Wy, 
burg impedance. But the Warburg impedance falls off yj) 
increasing frequency more slowly than does a pure capa 
tance, which means that an ever-increasing fraction of th 
alternating current goes by way of the nonfaradaic (doy) 
layer) admittance, so that it is this which is measured jp ¢) 
limit. 

In order to evaluate y note first that 

ti=i, +t, — 1%, 
where the subscripts p and s refer to the primary and secon 
ary discharge currents, respectively. Then 


= — Aip/dw; + — {63 
and just as before 
y = OE /dw, = 1631 


Of the four terms in 0i/dw2, only the second and third ar 
different from zero (and the latter only if g# 1). 


Substances of Class 1V 


Substances of class IV differ from those of class ILI in that 
they are by definition capable of diffusing into one of the 
two phases, or even into both. They differ from substances 
of class II in that they are able to combine with themselves 
in a second order reaction at the interface. Hydrogen atoms 
presumably belong to this class when the metal is one whi 
permits the diffusion of hydrogen (in the form of atoms). A 
alternative situation in which the hydrogen atoms diffuse int 
the metal, there to combine to form molecular hydrogen, has 
also been worked out in full detail"® but the solution will not 
be presented because it now appears unlikely that this situ 
tion ever arises either with hydrogen or with any other su 
stance which might be thought to combine with itself in 


second order reaction in the interior of one of the phases 


The basic differential equation to be solved is again equa 
tion [28], written now for a substance V 


Ov/dt = 2s 


subject to the condition 


= ig + ag sin wt — ater = 0. 


In addition one has naturally the condition that v — 0 as 
x — @. In these equations, ¢€ is the diffusion coefficient 
the substance V (hydrogen atoms) in the metallic lattice 
and k is as before the reaction rate constant for the combina 
tion of hydrogen atoms to form hydrogen molecules at th 
surface. A steady-state solution to equation [28] whieh ca! 
be made to fit the boundary conditions by a suitable choie 
of constants is 


ag \ M 


v = % ( 
sin (ae + e) — cos + e)| 


'® This was the first case of this type to be worked out !y U8 


[65 


The author is indebted to Professor William T. Scott «{ the 
Smith College Department of Physics for providing us wi!) the 
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yore \ = V2€/w, v, = the concentration of V at the inter- 
ve i the absence of the alternating current, and M and ¢ 
e constants (independent of x and t but not of w) to be de- 
mined by the boundary conditions. By differentiation and 
apstitution they are found to be 


= arctan [s/(1 + 8)] [66] 
M = 1/(1 + 28 + 2s)! (67] 
here s = Nkv,/e = kv,(2/we)'. (68) 


then from equation [65] 
dv, /dt = (gaM {cos (wt + ¢) + sin (wt + ¢)} [69] 


hich gives, when substituted into equation [36], after equat- 
x coefficients of w cos wt and of sin wt 


R, = 0 + + (GyAM/26)(cos ¢ + sing) [70] 


1/C, = nw! + (gyM/X)(cos — sing). {71} 


Je shall define an impedance Z'Y by means of the two 
uations 


RJY = (gy\M/26)(cos¢ + sin ¢) [72] 
= (gyM/\)(cos¢ — sing). 
iting from equation [66] that 
sing = s/(1 + 2s + 252)! \74 
cosy = (1 + 8)/(1 + 28 + 28%)! (75 
t follows that 
RW + 28) 
2ew(1 + 28 + 2s?) 
V 2 (1+ 28 + 28%) 
GY Vw 


= 
he equivalent parallel forms of this impedance are a little 
smpler. They are 

279 
RV = [7s] 
V ew (1 + 2s) 


5, 79] 
~W 


it all frequencies the variation with frequency of C,'Y is 
same as that for a Warburg impedance; at high frequen- 
es (low values of s) the variation of R,'Y is the same as that 
‘the Warburg impedance, and the same is true of C,'Y 
nd RY. At all frequencies 


%w = 1 + 28 [80] 


hich is to be compared with equations [41] and [61]. 

In acid solutions (or wherever hydronium ions are reduced, 
iiher than water) 6 will not be negligible and a certain 
mount of Warburg impedance will be expected to be pres- 
ut, as explained in connection with substances of class ITT. 
therefore the complete equivalent circuit for the case in 
uestion is represented as in Fig. 4, where -IV- is a symbol 
r the impedance Z'Y defined by equations [72] and [73]. 
As before, the Warburg impedance is expected to disappear 
elative to 4 in neutral or alkaline solutions. Also as before, 


lu ion to the differential equation involved. The results 


ill be presented if it should appear that any actual case might 
orr spond to the conditions of the equation. 
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Rsoin 


8 
Fic. 4. Equivalent circuit for a system containing sub- 
stances of class [V. 


the series capacity at high frequencies approaches the double 
layer capacity and the series resistance approaches the solu- 
tion resistance. 

If the substance of class IV under consideration diffuses 
only into the metallic phase (as is the case with hydrogen 
atoms) and not into the solution phase, then there is no need 
to consider a double layer effect analogous to that in equa- 
tion [45] et seq. This follows because the double layer effect 
there considered affects only substances in the nonmetallic 
phase. Otherwise it is necessary to restrict the application of 
the equations for the Z'Y impedance to cases where the effect 
is eliminated by the presence of an excess of an inert electro- 
lyte. It is comparatively easy to derive the appropriate equa- 
tions for the more generai case by the methods already used, 
but this has not been done since there is little likelihood of 
their ever being useful. 

y can be evaluated as before through equations [63a] 
and [63b]. 


Substances of Class V 


In case a substance S in solution is formed only slowly from 
another substance S,, also in solution, and supposing S to be 
directly involved in the electrochemical reaction, (what is 
commonly called the potential-determining substance) and 
reversibly reducible, and supposing further that in the ab- 
sence of any current S and S, are in equilibrium, then the 
substance S may be said to belong to class V. This is the case 
studied in some detail by Gerischer (8). The impedance ZY 
corresponding to the substance S has been derived by him 
for the case where diffusion coefficients of S and S, are the 
same, and assuming no continuous faradaic current. The ex- 
pression obtained by Gerischer contains the square root of a 
complex number. We shall put it into more convenient form 
by introducing the identity 


(a +i) = ( 


Making this substitution in Gerischer’s equation [44], sepa- 
rating real and imaginary parts of the resulting expression, 
and equating these to the resistive and capacitative parts 
of the impedance Z* gives 


; 


(or + que) V Dw 


[1] 
( 1 l ) 
+ Iva — @) 
(oc1 + doc) V Dw [89] 


where a = k,/w and the nomenclature is otherwise that of 
Gerischer, namely Q = area of the interface; .c) = concen- 
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tration of S, in the solution at equilibrium; ,.c = concentra- 
tion of S in the solution at equilibrium; D = diffusion coeffi- 
cient of both S and S, (assumed equal); ¢ = v:pi/vp; v and 
v, = stoichiometric factors in the chemical equation »S + 
— p and p; = reaction orders in the expression 
for the rate of the above reaction, namely v = kc? — ke; 
k, = value of & (reaction rate constant) at equilibrium in 
above expression. 

These equations define the impedance associated with the 
substances S and S,. The equivalent circuit will be like that 
already shown in Fig. 4 except that we shall have an imped- 
ance -V- in place of the impedance -IV-. 

The qualitative significance of these results has been dis- 
cussed by Gerischer and need not be repeated here. Their 
basic significance is that they give rise to a means of studying 
the mechanism of electrochemical reactions which are pre- 
ceded by a rate-determining step in solution. Two applica- 
tions of the method are given by Vetter (11). 


Substances of Class VI 


Substances of class VI are those which are present in quan- 
tities so small that they do not exhibit the properties of the 
same substances in bulk. Let Y designate a substance of this 
class and let y be its concentration at the interface, expressed 
in units of coulombs per unit area. (This does not imply that 
Y is a charged substance. It means that the concentration 
is expressed in equivalents per unit area times Faraday’s 


constant F.) Then y = / idt, and it proves to be unnecessary 


to specify the constant of integration. Then since i = i, + 
a sin wt, 


y= sin [83] 


dy/dt = i, + asin wt. [84] 


The quantity 7, makes no contribution to the impedance 
because it has no component of frequency w/2r, and even 
if i, varies slowly with time, as it usually will when substances 
of this class are being formed, the component of frequency 
w/2m is negligible, for the same reasons as thosg¢ mentioned 
earlier in connection with substances of class II. Thus for the 
present purposes 


dy/dt = asin wt [85] 


and combining this result with equation [19] gives for the 
characteristic impedance associated with the presence of a 
substance of class VI 

1/C,%! = dE /dy, a constant as far 
as its dependence 
upon frequency is 
concerned 


R, = 0. 


Rsoin 


x 
Fic. 5. Equivalent circuit for a system containing sub- 
stances of class VI. 
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Then if the other substances present belong to 


ASS@s 
and II, as will be usual, the equivalent circuit wi! bp A 
shown in Fig. 5. Here we have let 1/x = (@F/dy);, «+. an 
its value is given approximately by” 
nFy i, 


The order of magnitude of a lower limit to C,¥' cay 4, 
found if one considers a monolayer to be composed of abou 
10° mviecules or atoms. Then since 7,,/i cannot be less tha) 
a (and will generally be much greater), C, cannot be |e: 
than about 3000 uf/em?, and will ordinarily be much greater 
Except when y is very small (a small fraction of a monolaye; 


substances of class VI will therefore behave like substance 


of class I, for which C, is effectively infinite and R, is zero! 


Discussion 


Because of the precision with which impedance measure 
ments can be made in the range of audio frequencies, jt ; 
natural to suppose that such measurements can be used t: 
obtain important information about the metal-solution inter- 
face. The foregoing analysis may be looked upon as an effort 
to ascertain what information can be obtained in this way 


The conclusion is that under certain carefully chosen condi4 


tions such measurements do indeed give quantitatively sig 


nificant data about electrode processes, but that little or » 
information is obtained from measurements made upon sys 
tems chosen at random. In this respect the situation is ve: 
different from that which obtains at the interface betwee 
mercury and solutions of inert electrolytes, where almost 
any choice of electrolyte is permissible and meaningful. T! 
difference arises from the fact that it is not at present pos 
sible to obtain truly smooth, homogeneous, and clean surfaces 
of solid metals, and ‘on this account much care is neede 
in choosing experimental conditions for which this defect 


will matter least. In one sense the inhomogeneity and lack] 


of smoothness of a surface are more serious handicaps tha: 
the lack of cleanliness, since the equations derived above d 
not demand a clean surface, but do demand a homogeneou: 
smooth one. 

An immediate use which can be made of the equations di 
rived in this paper, apart from their obvious and important 
use with mercury, is as a test for the smoothness of a so! 
metallic surface. The theory is sufficiently straightforwar! 
to make it possible to state with confidence that smooth su: 
faces will show no appreciable faradaic admittance at poten 
tials well removed from the half-wave potential. This is ev! 
dent from Fig. 2, where it is seen that the parameter whic! 
controls the faradaic admittance is everywhere large at po 
tentials significantly removed from the half-wave potentia! 
Now all forms of faradaic admittance exhibit the phenome 
non of dispersion (variation of apparent capacity and resist 
ance with frequency) when measured with a series bridge 0! 
its equivalent, whereas the nonfaradaic admittance does not 
show this phenomenon when experimental errors are suff 
ciently well eliminated. Nevertheless some dispersion is 4! 


2° This result assumes that ai /by = 0 and = 
Neither of these can be exactly true, but both must be appro! 
mately true. The first is approximately valid because the pe 
tential energy of an atom or molecule of Y is not much affecte¢ 
by its neighbors on a homogeneous surface, making its pote” 
tial energy almost independent of the coverage. The »s con 
equation assumes that 7 is proportional to the coverage Thi 
is probably not true beyond a monolayer, but by that ti: ‘ 
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is so large that the corresponding impedance is negligib!: 9») 
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avs observed with solid electrodes even outside the range 

t pot ntials for which it might be attributed to the faradaic 

imittance. This dispersion varies from sample to sample 

dis noticeably greater on samples which have been sub- 
ected to a very slight etching process. All of the results are 

telligible if one assumes the dispersion to be primarily a 
wometrie effect attributable to the lack of smoothness on the 

wt of the electrode. With most metals it is found that the 
spersion is not markedly a function of the potential, which 
. just what one would expect from a roughness effect, but 
it at all what one would expect from the faradaic admit- 
rance. 

It is generally found that the dispersion is greater on wires 
yd sheets than on spheres of the same metal. This is prob- 
bly attributable to the fact that wires and sheets of a metal 

not be made smooth so easily as small spheres formed by 

sion. In addition, it is more difficult to satisfy the sym- 
etry requirements with wires or sheets than with spheres. 

If the object of a given investigation is to measure the ca- 
acity of the electrical double layer at the interface between 

given solid metal and an electrolyte, it is not altogether 
necessary to strive for maximum smoothness, because extra- 
wlation to infinite frequency will give the same results 
shether the surface is smooth or rough. What is necessary 
s to strive for maximum cleanliness of the surface, because 
the effects of surface films are not diminished by a change of 
requency.. 

It was shown above that as the frequency is increased the 
ries resistance approaches that of the solution. This makes 
t possible to ascertain that resistance with accuracy for use 
n such measurements as overvoltage measurements where a 
orrection must be made for the 7R drop in the solution. The 
resistance can be measured with great accuracy for this pur- 
pose, especially when the faradaic current is not too large, 
ind since it is also possible to ascertain the current with all 
lesired accuracy, a correction can be made for the 7R drop 
n the solution. This method is believed to be preferable to 
the measurement of the same quantity by the current-inter- 
rupter method. 

A brief discussion of the effect of surface films may be help- 
ful. In the presence of substances which are adsorbed as a 
film on the electrode, the impedance of the system will de- 
pend very markedly upon whether the film is an electronic 
conductor, an ionic conductor, or neither. In the last-named 
ease the capacity of the double layer will be much decreased, 
Roo, Will be unaffected, and there will be no faradaic current. 
The substance will be a perfect corrosion inhibitor.) If the 
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film is an tonic conductor, 6 will be much increased, but its 
significance will remain unchanged and the foregoing analysis 
likewise. It is especially to be noted that R,.:, is not thereby 
altered and neither is the Warburg impedance at equilibrium. 
This result has been observed experimentally by Randles (6). 

If the film is an electronic conductor, its resistance is added 
to that of the solution and all the parameters of the equiva- 
lent circuit are altered except ZY and the Warburg impedance 
at equilibrium for that component which does not have to 
diffuse through the film. Except for these two, the parameters 
of the equivalent circuit depend upon the character of the 
electronically conducting surface at which the electrochemical 
reaction takes place. 
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Extra December Issues Available 


Additional copies of the December—Theoretical Electrochemistry Issue—of the JouRNAL are available at 
the office of The Electrochemical Society, Inc., 235 West 102nd Street, New York 25, N. Y. 


Price $1.00 per copy to members, $1.25 to non-members. Early placement of orders is recommended. 
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FUTURE MEETINGS OF 
The Electrochemical Society 


New York, April 12, 13, 14, 15, and 16, 1953 
Sessions on 
Electric Insulation, Electronics, Electrothermics, 
Theoretical Electrochemistry 


Headquarters at the Statler Hotel 


Wrightsville Beach, N. C., September 13, 14, 15, 16, and 17, 1953 


Headquarters at the Ocean Terrace Hotel 


Chicago, May 2, 3, 4, 5, and 6, 1954 


Headquarters at the La Salle Hotel 


Papers are now being accepted for the meeting to be held in New York. 
Abstracts (not exceeding 75 words in length) are due at the Secretary’s Office, 
235 West 102nd Street, New York 25, N. Y., not later than February 1, 
1953. Complete manuscripts should be sent in triplicate to the Editor of the 
JOURNAL at the same address. 
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Local Sections Start Season with Well-Planned Meetings 


Chicago Section 


The Chicago Section began its 1952- 
seeson with a meeting on October 
it us Chicago Engineers’ Club. 
The guest speaker, Thomas Comer 
Distillation Products Industries, 
vision of Eastman Kodak Company, 
chester, addressed the group on the 
ject “High Vacuum Metallizing. 
\r. Comer noted the increasing 
portance of high vacuum metallizing 
.a metal finishing process. He then 
ave a very good exposition of the 
ject in which he supplemented his 
scription of the theory and practice 
th examples of the applications and 
sults. The topic was of such interest 
sto draw guests from as far away as 

lilwaukee. 

New officers of the Chicago Section 
ected at the final spring meeting, are 
: follows: 

Chairman—Simon P. Gary 
Howard T. Francis 
Robert R. Banks 

Werner Jacobson 


Vice-Chairman 
Secretary 
Treasurer 

Ropert R. Banks, Secretary 


Cleveland Section 


A joint meeting of the Cleveland 
‘ections of The Electrochemical Society, 
\meriean Chemical Society, American 
Institute of Chemists, American In- 
titute of Chemical Engineers, and 
\lpha Chi Sigma was the occasion of 
the Cleveland Section’s opening meeting 
f the current season, held on October 
6 at the Hotel Hollenden. These 
ive societies, sponsors of the Fourth 
\nnual Dinner of the Chemical Pro- 
ession in Cleveland, heard Dr. Farring- 
ton Daniels, Chairman of the Chemistry 
Department at the University of Wis- 
onsin, speak on “Our Energy Sources 
f the Future.” 

lr. Daniels, who is president-elect 
f the American Chemical Society, was 
Director of the Metallurgical Labo- 
tutory, Manhattan District, University 
of Chieago, in 1945-46. His fields of 


and Large Attendance 


research include chemical kinetics, pho- 
tochemistry, photosynthesis, oxides of 
nitrogen, atomic energy, and solar 
energy. 

Dr. Daniels pointed out that, at 
present, we are using up the fossil 
fuels, coal, oil, and gas, at about the 
rate of 15 x 10‘ kilogram calories per 


Dr. FARRINGTON DANIELS 


person per day. The rate of use of these 
stored solar fuels has increased greatly 
during the last 50 years and is expected 
to continue to increase. On the basis of 
our best guesses, he believes these fuels 
should last another two or three 
thousand years before complete de- 
pletion. 

The speaker said that the use of 
atomic energy is still expensive, cum- 
bersome, and dangerous to personnel 
for universal use. Some of these dif- 
ficulties will be overcome but the 
sources of usable material are still more 
limited than fossil fuels even though 
uranium prospecting is the 20th century 
gold rush and many new deposits are 
being discovered. 

The only source of unending energy, 
said Dr. Daniels, is the sun. He pointed 
out that it is universal. In only a few 
weeks the sun bestows upon the earth 
as much energy as has been stored up in 
fossil fuels in all time. At present, solar 
energy is being used as water power and 
in food. Supplementing the talk were 


387C 


illustrations of some experimental in- 
stallations of wind machines, focussing 
mirrors, and heat storage schemes such 
as NasSO, and of pebbles. 

The hope for the future, Dr. Daniels 
says, seems to be in the more efficient 
use of solar energy, especially for plant 
growth. At present it is about 0.1 per 
cent efficient. He believes that it could 
be raised to 3.0 per cent. Even if it were 
very much less than this amount it 
would still be adequate. 

JosepH M. Secretary 


New York Metropolitan 
Section 


The New York Metropolitan Section 
opened the new season with an un- 
usually well attended meeting at the 
Holley Hotel on October 1. The gather- 
ing was addressed by Charles W. 
Eichrodt, Metallurgist, of Phelps Dodge 
Refining Corporation, Maspeth, N. Y.., 
who spoke on “Electrolytic Copper 
Refining.” He was well qualified to 
discuss this subject, having served with 
various mining enterprises in the South- 
west and in Chile previous to joining the 
Phelps Dodge organization. 

The audience was augmented by the 
presence of many members of the local 
section of the American Institute of 
Mechanical Engineers who were especi- 
ally invited because of the nature of the 
topic under discussion. 

Mr. Eichrodt competently covered 
the subject of electrolytic copper re- 
fining from the standpoint of history, 
world production statistics, tank room 
practice, effect of impurities in the 
electrolyte, materials of construction, 
addition agents, series versus multiple 
system, anode passivity, and many other 
factors. He held the attention of his 
audience so well that although the 
formal meeting broke up at an un- 
usually late hour, many members 
remained to offer informal discussion 
for an even longer period of time. 
F. A. Lowennetm, Secretary-Treasurer 
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Niagara Falls Section 


An informal “mixer” meeting, held on 
September 9 at the Youngstown Yacht 
Club, opened the 1952-53 season of the 
Niagara Falls Section. 

Sixty members and guests enjoyed 
refreshments, a buffet supper, speed- 
boat rides by courtesy of one of the 
local industries, and an informal talk 
given by Clarence F. Luck, Supervisor of 
Public Relations, Western Division, 
New York Telephone Company, on 
“Advances in Communications Tech- 
niques.” 

Mr. Luck traced the growth of the 
telephone system from its beginnings in 
1876 to its present total of 46,000,000 
telephones in this country and 
66,000,000 in the world. Long distance 
communication has been particularly 
dependent upon technical advances, he 
said, such as development of better and 
smaller loading coils, the application 
of the De Forest vacuum tube for 
amplification, use of miniature vacuum 
tubes of low heat output, and applica- 
tion of the microwave radio relay 
system. This last, while receiving much 
publicity in connection with the tele- 
vision network, was primarily developed 
for telephone communication. 

One of the more recent developments 
Mr. Luck stated, is the transistor, 
‘apable of 100,000-fold amplification 
with small power input, long life, small 
space requirements, and with little 
heat output to be dissipated. It is 
expected that transistors will soon be 
used in some long lines. Another 
development is the thermistor, where 
conductivity depends upon temperature 
and is applied in long lines to com- 
pensate for temperature variations and 
thus prevent distortion. 

Mr. Luck accompanied his talk with 
demonstrations and a display of the 
components discussed. 

M. Janes, Secretary-Treasurer 


San Francisco Section 


The San Francisco Section met for 
dinner at the St. Julien Restaurant, 
San Francisco, on October 8, and later 
heard an address on “Finishing of 
Aluminum” by G. H. Kissin, Head of 
Metal Finishing Department, Division 
of Metallurgical Research, Kaiser Alu- 
minum & Chemical Corporation, 
Spokane, Wash. 

Dr. Kissin reviewed some of the 
historical background in the processes 
of aluminum finishing and followed this 
with a fairly detailed discussion of the 
procedures and practices involved in 


the cleaning and anodizing of aluminum 
for the purpose of improving the corro- 
sion resistance. 

The process of color anodizing was 
discussed at considerable length and a 
wide range of samples illustrating the 
range of colors available were shown. 
Specimens of various specialized sur- 
face treatments were shown by the 
speaker, and their handling problems 
were reviewed. These included the Alrok 
process, the Allodine process, the photo- 
etching, and the buffing and chemical 
brightening process. All in all, Dr. 
Kissin gave an excellent review of a 
portion of the field of aluminum finish- 
ing. 

H. F. Myers, Secretary-Treasurer 


Washington-Baltimore 
Section 


The current season began for the 
Washington-Baltimore Section with its 
meeting on October 16, held at the 
National Bureau of Standards in Wash- 
ington. 

Following a short business session, 
Dr. Seymour Senderoff of the National 
Bureau of Standards gave an interesting 
talk on “Electrolytic Preparation of 
Molybdenum from Fused Salts.’’ Dr. 


Dr. Seymour SENDEROFF 


Senderoff described his equipment and 
process, and discussed some of the 
theoretical aspects of the problem. Of 
particular interest was the discussion 
of the effect of the operating variables 
on the purity and physical structure of 
the molybdenum deposits. 

The process, he said, has been 
operated only on a laboratory scale to 
produce molybdenum powders of vary- 
ing particle size. The deposits have been 
up to 99.9 per cent molybdenum with as 
little as 0.02 per cent oxygen. 

The animated discussion following 
the talk indicated the considerable 
interest in the report. 

Oapurn, Secretary-Treasurer 


Decen er 19) 


India Section 


The third Technical Meeti: of 
India Section for 1952 was 
August 4, at the Indian Ins: tute 
Science, Bangalore, with Prof \ 
S. Thacker in the chair. Dr 
Ram Prasad of Electrie Grid Of. 
Government of Bombay, delivered 
lecture on “Recent Developments 
the Plant and Equipment Used in ia 


( 


Electrochemical-Metallurgical 


’ 


tries.’ 
The speaker stated that during th 
next five years power generation 
India will increase considerably and t} 
cost of energy will have to be somewha 
reduced, thereby making it possible t 
expand the 
lurgical industries, chiefly alka! 
chlorine, aluminum, ferroalloys, ete 


Some of the recent developments 


equipment were then outlined: merew 


cells for production of high purity 
caustic, various types of 


soderberg electrodes, high frequen 


induction and power frequency fur4 


naces, use of gas turbines direect-coupk 

to d-e generators for supply of power 
in aluminum production, and use oi 
subterranean steam in voleanic regions 
to generate power. Dr. Prasad sug 
gested that a symposium on alka 

chlorine might be arranged by th 
Section, in view of the fact that thy 
development of the alkali-chlorine ir 
dustry is expected to be very important 
in this country in the future. After 

lively discussion, the meeting te: 
minated with a vote of thanks to th 
speaker 

J. BaLacHanpra, Secretary-Treasurer 


Promat Division Joins 
Sustaining Members 


The Promat Division of Poor and 
Company, located in Waukegan, Illinois 
was recently welcomed by the Societ) 
to its list of sustaining members. Thy 
parent company is one of the world’s 
largest railroad suppliers. 


* The Promat Division is engaged in 


the development, manufacture, and 


sale of chemical, electrochemical, and 
ceramic products and processes for the 
metal finishing industry. 

This Division was organized in 1935 
and by its extensive research and de 
velopment program throughout — the 
years has established its products in 
every country of the free world where 
metal finishing is practiced. 

The Promat laboratories are among 


the most completely equipped in the 
chemical, electrochemical, and cer mic 
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felis and its highly trained technical 
sta! is one of the finest. 

A. E. Chester, well known in the 
chemical industry, is Vice-President 
and Director of Research, and execu- 
tive officer of this Division. 

The development of high speed zine 
addition agents, chromate finishes,. 
vitreous coatings, and chemicals for the 
preparation of metal surfaces for in- 
organie and organic coatings are but a 
few of the products manufactured by 
this company. 


Eastern Plant for 
Beckman Instruments 


Beckman Instruments, Ine, South 
Pasadena, California, manufacturer of 
scientifie and industrial instruments and 
precision components, has started con- 
struction on a new 20,000 square-foot 
building, located at Mountainside, New 
Jersey. 

The new plant is to be used as 


“Eastern sales and service offices for the 


patgnt company and as a manufactur- 
ing {Myility for the Beckman subsidiary, 
Helipot\Corporation, makers of helical 
potentionleters. 


Monsante to Build 
New Hq Office 


Immediate start of construction of 
the new headquarters office building 
for the Monsanto Chemical Company, 
in St. Louis County, was authorized 
recently by the Board of Directors of the 
company 

The initial building, which is ex- 
pected to be completed within two 
vears, is part of an over-all plan to 
accommodate Monsanto’s needs for 
many years. It will be of contemporary 
design, eight stories high and the initial 
unit will contain about 350,000 square 
feet. No manufacturing operations will 
be conducted at the countysite. 


New Atomic Research 
Lab for Walter Kidde 


Walter Kidde Nuclear Laboratories 
have announced that they are estab- 
lishing new laboratory facilities on Long 
Island, near Garden City, to serve as 
headquarters for the firm’s operations. 

The research and development Jabo- 
ratory, located at 975 Stewart Avenue, 
wis ready for occupancy about Novem- 
ber 1. Research operations were 
scheduled to start on that date, al- 
though the installation of certain 
s} ecialized equipment will continue for 
s¢ veral months. 

A minimum staff of 100 will be re- 
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News in the Educational Field 


Electrochemistry 
Colloquium at M.I.T. 


At an Electrochemistry Colloquium 
which is being held at Massachusetts 
Institute of Technology, on Wednesday 
afternoons from October 8, 1952 to 
January 14, 1953, a large number of 
Electrochemical Society members and 
authors appear on the roster of lec- 
turers. It will be of interest to our 
readers to note the scope of the pro- 
gram, and the speakers: 


CALENDAR 


Oct. 8, 1952—‘Determination of 
Isoelectric Point of Silver Iodide in 
Aqueous Solutions” —Professor Jan T. 
G. Overbeek, University of Utrecht, 
Holland. 

Oct. 15—‘Anodie Polarization of 
Passive and Non-Passive Chromium- 
Iron Alloys’”—Professor Herbert H. 
Uhlig, Department of Metallurgy. 

Oct. 22—“‘Coulometric Chemical An- 
alyses’”’—Professor Lockhart B. Rogers, 
Department of Chemistry. 

Nov. 5—‘Electrochemical Investi- 
gations on Silver Sulfide’’—Professor 
Carl Wagner, Department of Metal- 
lurgy. 

Nov. 13—(Professor George Scat- 
chard, Department of Chemistry, will 
address the Northeast Section of A.C.S. 
on “Some Electrochemical Properties 
of Ion Exchange Membranes’’). 

Nov. 19—‘‘Recent Studies on Hydro- 
gen Overvoltage with the Dropping 
Mercury Electrode’’—Professor A. de- 
Béthune, Department of Chemistry, 
Boston College. 

Dee. 3—“Thermodynamic Properties 
of the Electrical Double Layer’— 
Professor David C. Grahame, Depart- 
ment of Chemistry, Amherst College. 

Dee. 10-—“‘A Study of Iodide-Iodine 
Solutions with the EMF Centrifuge’’— 
Dr. D. <A. Maelnnes, Rockefeller 
Institute for Medical Research. 

Dec. 17—‘‘Some Electrochemical As- 
quired when the laboratory is in full 
operation within six to 12 months. 

Among the activities to be under- 
taken at the laboratory are: corrosion 
studies in connection with liquid metals 
and under special conditions  en- 
countered in the atomic field; measure- 
ment of physical and thermodynamic 
properties; development of special types 
of instruments and_ instrumentation 
systems; application of liquid metals 
as heat transfer elements; and measure- 
ments with radioactive sources. 


pects of Transistor Science’”’—Dr. Mor- 
gan Sparks, Bell Telephone 
ratories. 

Jan. 7, 1953—‘*Thermodynamics of 
Irreversible Processes Applied to Elec- 
trokinetics”—Professor Jan T. G. Over- 
beek, University of Utrecht, Holland. 

Jan. 14—‘‘Streaming Potential 
Measurements on Quartz’’—Douglas 
Fuerstenau, Department of Metallurgy. 


Labo- 


Research Grants by 
National Research Corp. 


The National Research Corporation 
Scientific Trust has recently made the 
following grants for the support of 
research: 

Northwestern University, Dr. James 
N. Pitts, Jr., Assistant Professor, De- 
partment of Chemistry, “Photochemical 
Studies in the Far Ultraviolet and 
Schumann Regions,” $4,000. 

Rensselaer Polytechnic Institute, 
Kent D. Lawson, Instructor, Physics 
Department, “High Frequency Reso- 
nances in Ferrites,” $3,480. 

Rijks University, Leiden, Holland, 
Dr. Anton E. van Arkel, Professor, 
Inorganic Chemistry, “Reactions of 
Halides or Oxides with Metals,” $3,125. 


Corrosion Short Course 
at U. of California 


The University of California, at 
Berkeley, in cooperation with the 
National Association of Corrosion En- 
gineers, will hold a five-day short course 
in corrosion February 2-6, 1953. The 
course is given by the university's 
extension department and the depart- 
ments of mechanical engineering, 
mineral technology, and chemical en- 
gineering. 

Speakers from industrial and govern- 
mental laboratories and academic in- 
stitutions will discuss subjects covering 


basic corrosion science theory and 
application of corrosion mitigation 
measures. 


New Metallurgy Department 
The increased demand for industrial 
scientific research in the field of metal- 
lurgy has led to the establishment of a 
department of metallurgy at Southwest 
Research Institute, San Antonio, Texas. 
Dr. Robert J. Anderson has been 
appointed to head the department which 
is undertaking industrial metallurgical 
research in foundry practice, process 
metallurgy, and physical metallurgy in 
addition to studies in metal economies. 
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DIVISION NEWS 


Theoretical Division 


The Theoretical Division will elect 
officers to serve for a two-year term at 
its business meeting, to be held at the 
Spring Meeting in New York City. 
Their term will extend from the end of 
the Spring Meeting 1953 to the end of 
the Spring Meeting 1955. 

The Nominating Committee, con- 
sisting of H. H. Uhlig, Chairman, EF. 
L. Eckfeldt, Arthur Fleischer, and 
Norman Hackerman, has proposed the 
following nominations: 

Chairman—J. Paul Fugassi, Carnegie 
Institute of Technology, Pitts- 
burgh, Pa. 

Vice-Chairman—André J. deBéthune, 
Boston College, Boston, Mass 

Secretary-Treasurer—L. B. Rogers, 
Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 

Additional nominations may be made 
by ten active members of the Division, 
in writing to the Secretary-Treasurer or 
by individual members from the floor 
at the business meeting. Such nomi- 
nations should carry the assurance of the 
nominee’s willingness to serve. 

Watrer J. Hamer, Chairman 


PERSONALS 


Leonarp Wray, formerly of Bomac 
Electrotype Company, Toronto, Can- 
ada, has accepted a position as chemist 
with Atomie Energy of Canada Ltd, 
Chalk River, Ontario. 


Joun A. Ricketts has been ap- 
pointed Assistant Professor of Physical 
Chemistry in the Chemistry Depart- 
ment of De Pauw University, Green- 
castle, Ind. Dr. Ricketts had been doing 
graduate work at Western Reserve 
University 


Mitron J. has joined the 
staff of CIBA Research Laboratories, 
Summit, N. J., as head of the Physical 
Research Department. Dr. Allen had 
been connected with the National 
Cancer Institute, Bethesda, Md. 


James J. McInryre has been trans- 
ferred from the position of plant 
manager of the Memphis, Tenn.. plant 
of The Electrochemicals Department, 
E. I. du Pont de Nemours & Co. to 
assistant director of production at the 
company’s plant in Wilmington, Del. 


JOURNAL OF THE ELECTROCHEMICAL SOCIETY 


J. C. Warner, president of Carnegie 
Institute of Technology, Pittsburgh, 
and Electrochemical Society president, 
has been appointed by President Tru- 
man to membership on the General 
Advisory Committee to the Atomic 
Energy Commission for a six-year term. 
Also appointed were Eugene P. Wigner 
of Princeton University and James B. 
Fisk of Bell Telephone Laboratories. 
The new group replaces three scientific 
experts whose terms have expired. 


ALLEN president 
of Monsanto Chemical Company, St. 
Louis, was presented with the Gold 
Award in Financial World's 1951 
competition, at a dinner attended by 
1300 persons at the Hotel Statler, 
New York, on October 28. The award, 
given for the best annual report of all 
industry, was made after completion 
of the 12th annual survey in which 
5,000 reports were judged. 


N. Dun tap, formerly with 
the U. S. Army Chemical Corp., 
Royal Oak, Mich., is presently em- 
ployed as supervisor, Plating Labo- 
ratory, Chrysler Tank Engine Division, 
Michoud Ordnance Plant, New Orleans, 
La. 


Wituiam O. DiPrerro is now with 
High Vacuum Equipment Corp., Hing- 
ham, Mass. He was formerly with 
National Research Corp , Cambridge, 
Mass 


Morris’ Feinters of Argonne 
National Laboratories, Chicago, IIL., 
has accepted a position with Kaiser 
Aluminum & Chemical Corp., Process 
Metallurgy Department, Division of 
Metallurgical Research, Spokane, Wash. 


Georce W. Heaty has left Union 
Carbide & Carbon Company, Research 
Laboratories, Niagara Falls, N. Y. to 
join Electro Metallurgical Company, 
Metallurgical Department, in that city. 


Joun B. Perkins has accepted a 
position with the U. 8. Rubber Com- 
pany, as senior engineer in the Chemical 
Engineering Group of the Technical 
Department, Kankakee Unit of the 
Joliet Arsenal, Joliet, Ill. 


GeorGce Keeveric has resigned from 
United Drill & Tool Corp., Chicago, 
Ill, to become a consultant, specializing 
in electrolytic grinding and machining. 
He is located at 3418 N. Knox Avenue, 
Chicago. 


December 959 


Bram C. FetpMan has bee) gp. 
ponted chief engineer at Sundry |Jec. 
tric, Inc., Warren, Pa. Mr. Fel 
came from General Electric Company. 
Syracuse, N. Y. 


Ropert E. Meeker, winner of the 
John W. Marden Prize, who is noy 
doing graduate work at Northwestern 
University, Chicago, Ill., has beep 
awarded an Abbot research assistant. 
ship in chemistry. 


Kenneth B Meyer of Nationa! 
Lead Company’s Research Laboratory. 
Chappaqua, N. Y., has been trans. 
ferred to the Fernald Project of Nationa! 
Lead Company in Cincinnati, Ohio. 


Puiuie J. of National Re- 
search Corporation, Cambridge, Mass. 
has been promoted from project man- 
ager to assistant director of the Metal- 
lurgical Department 


JUNIOR W. WHITNEY 


It was learned only recently that 
Junior W. Whitney of Fords, New 
Jersey, passed away on April 28 last. 

Mr. Whitney had been employed as 
development chemist at National Lead 
Company, Titanium Division, Sayre 
ville, New Jersey. Previously he had 
served for four years in the U. §. 
Navy aboard minesweepers, attaining 
the rank of lieutenant. Mr. Whitney 
received his B.S. degree in chemistry 
from Purdue University and the BS 
in chemical engineering from Brooklyn 
Polytechnic Institute. He joined The 
Electrochemical Society in 1951. 


NEW MEMBERS 


In October 1952, the following were 
elected to membership in The Elec- 
trochemical Society: 


Active Members 


Cuartes H. Brown, Signal Corps 
Supply Agency, mailing add: 433 
Hansberry St., Philadelphia, Pa. 
(Battery, Corrosion, Electric Insu- 
lation, Electrodeposition, and Elee- 
tronics) 

C. H. Castrie, Roto Finish Company, 
mailing add: 1503 Kingston, Kal- 
amazoo, Mich. (Electrodeposition) 

Hersert Davis, National Lead Com 
pany, mailing add: 20 Waverly Ave., 
Kenmore, N. Y. (Electrothermic) 

Samuet B. Dea, Radio Corporation 


of America, mailing add: 955 Plea-ure 


Rd., Lancaster, Pa. (Electro: \cs) 
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B. Goopwtn, Battelle Memorial 
Institute, 505 King Avenue, Colum- 
bus. Ohio (Electrothermic) 

8. Jounson, National Carbon 
Research Laboratories, P.O. Box 
(087, Cleveland, Ohio (Battery and 
Theoretical Electrochemistry) 

S. Kirpy, Electrolytic Zine 
Company of Australia, Ltd., mailing 
add: Box 634B, G.P.O., Hobart, 
Tasmania, Australia (Industrial Elee- 
toly tic) 

J. Merazter, % Handy & 
Harman, 82 Fulton St New York, 
N. Y. (Battery) 

Vuisur C. Myers, The Brush Develop- 
ment Company, mailing add: 2401 
Malden Rd., Cleveland, Ohio (Cor- 
rosion and Electrodeposition) 

sewarD W. O’Rear, Atomic Energy 
Division, Explosives Dept., E. I. 
du Pont de Nemours & Co., Wil- 
mington, Del. (Electro-Organic) 
Perez, Instituto Electro- 
quimico, mailing add: Classificador 
979, Santiago, Chile (Battery, Elec- 
trodeposition, and Industrial Elee- 
trolytic) 

\LLEN S. Russevy, Aluminum Research 


Laboratories, Freeport Rd., New 
Kensington, Pa. (Industrial Elec- 
trolytic) 


CURRENT AFFAIRS 


Rosert D. Waker, Jr., University vi 
Florida Libraries, Serials Dept. E-S, 
Gainesville, Fla. (Battery and Theo- 
retical Electrochemistry) 


Associate Member 


Aurrep T. Carbide and 
Carbon Chemicals Company, mailing 
add: 237 8S. Purdue, Oak Ridge, 
Tenn. (Industrial Electrolytic) 


Reinstatement 


JosepH A. Orsino, National Lead 
Company Research Laboratories, 105 
York St., Brooklyn, N. Y. (Battery) 


BOOK REVIEW 


PropucTiON OF ELEMENTAL PHOs- 
PHORUS BY THE ELecrRIC FURNACE 
Meruop. Chemical Engineering Re- 
port #3. Compiled by R. B. Burt 
and J. C. Barber, 1952. For sale by 
Treasurer, Tennessee Valley 
Authority, Knoxville, Tennessee. 
xii plus 308 pages, $2.00, paper 
bound. 

This is the third report in a series of 
publications describing the chemical 
engineering activities of the Tennessee 
Valley Authority. It is a comprehensive 
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treatment of 308 pages, containing 
fifty tables and 132 figures or diagrams. 
It describes preliminary experimental 
work and large scale development 
electric phosphorus furnaces and their 
operation. It discusses utilization of 
furnace by-products, operation costs, 
and a general valuation of the electric 
furnace process for the production of 
phosphorus. This monograph should 
be of great interest to those in the 
electroprocess industries. 

R. M. Burns 


EMPLOYMENT 
SITUATION 


Please address replies to box shown, 
% The Electrochemical Society, Inc., 
235 W. 102nd St., New York 25, N.Y. 


Position Wanted 
CHeMICcAL Enaineer, D.Ch.E., P.E., 
well grounded in chemistry, mathe- 
matics, physics. Four years process 
development in electrochemistry, cor- 
rosion, metallurgy, and metal finishing. 
Three years development in atomic 
energy and radiology. Desires Research 
and Development in Greater New York 

City area. Reply to Box 351. 


HARLECO 
ELECTROMETRIC REFERENCE STANDARDS 


These secondary standards have been in 
continuous use for the past twenty-eight 
years by a highly respected clientele. Basic 
standards of comparison at the Harleco 
Laboratories have not been permitted to 
deviate in that entire period of time. 


A copy of the Harleco Section C Catalog of 
chemical products for pH check and control will 
gladly be mailed upon your request. 


PHILADELPHIA) 5821 Market Street PENNSYLVANIA 
_Harleco Products ‘are available of your usual supply 
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LITERATURE 
FROM INDUSTRY 


Arkomatic Evecrric Vatves. Bulletin 
gives information on industrial appli- 
cations of Atkomatic Solenoid Valves 
which are now available for pressures 
up to 3,000 lb/in2 Special feature is 
the adjustable timing on the closing 
stroke which is available to pressures 
of 300 lb/in.2 This eliminates shock on 
supply lines, particularly on hydraulic 
operations. The Atkomatice Valve Co. 

P-81 


SPECTROPHOTOMETERS, CoLorim- 
ETERS. 20-page booklet lists complete 
line of Coleman instruments and ac- 
cessories. Includes automatic titration 
equipment, pH meters, colorimeters, 
spectrophotometers, nephelometers. 
Also lists an economical vacuum oven 
and equipment for mercury purifica- 
tion. Ask for “Waco Catalyst Vol. 
1X.” Wilkens-Anderson Co. P-82 


Maonetic Recorpinc Heaps. The 
publication “Brush Strokes,” for March 
1952, describes the development of 
multichannel magnetic recording heads. 
General requirements are discussed, 
then the construction and properties 
of several such heads are described. 
“Brush Strokes” for June 1952 out- 
lines “Some Considerations in the 
Design of Piezolectric Microphones,” 
describing some basic considerations 
that arise when mechanical elements 
are joined to acoustical elements. 
Then follows the detailed working out 
of the design of a simple Rochelle 
Salt crystal “Bimorph” microphone 
and of two simple ceramic “Bimorph”’ 
microphones. The Brush Development 
Co. P-83 


PuRIFICATION OF METAL Sar Souv- 
tions. Recent bulletin entitled “Puri- 
fication of Metal Salt Solutions with 
Hydrogen Peroxide” gives complete 
directions for isolating metal salts 
from process solutions used for the 
following purposes: Electrolytic Nickel 
Plating; Beryllium Production; Mag- 
nesium Production; Phosphatizing: 
Optical Glass Production containing 
Lanthanum Salts; and Tin Recovery 
from Non-Ferrous scrap. BECCO Sales 
Corp. P 84 


VouraGe Power Sup- 
pies. New condensed bronchure il- 
lustrates and describes a range of 
Kepco Voltage Regulated Power Sup- 


plies. Of interest to everyone using 
electrical and electronic equipment. 
Kepco Laboratories, Inc. P-85 


Prorective Coatings. New general 
folder describes the entire line of ACP 
phosphate coating chemicals and proc- 
esses for paint-bonding, rust proofing, 
protecting friction surfaces, and im 
proving cold forming. American Chemi- 
cal Paint Co. P-86 


Uvrra-Speep Evecrro-ANatyzer. A 
copper assay in 8 minutes is claimed for 
this new ultra-speed electro-analyzer. 
Best equipment and techniques pre- 
viously employed required 30 to 60 
minutes. Improved cell design, com- 
bined with a unique electromagnetic 
field and greater current flow produce 
the increased speed. Folder available. 
Eberbach Corp. P-87 


H-F Conpucromerer. The Beckman 
bulletin, summer edition, explains 
“Theory and Design of the High- 
Frequency Conductometer” and de- 
scribes the Beckman model—a stable 
and precise commercial instrument 
operating at about 7 megacycles. Data 
gathered during laboratory tests on 
this instrument show that its high 
frequency obviates the need for direct 
contact with the solution, thus avoiding 
the difficulties—poisoning, cleaning, etc 

associated with immersed electrodes. 
Beckman Instruments, Inc P-8S8 


pH Merer. Folder announces new 
portable pH Meter Model 125, a low- 
priced, battery-operated pH meter of 
utmost simplicity. Powered by only 3 
ordinary radio batteries which give 
2000 hours of service, the meter insures 
the high accuracy of 0.03 pH. Photo- 
volt Corp P 89 


Unirizep Batu System is offered 
whereby laboratories can choose from 
standard parts to assemble “tailor- 
made’’ constant temperature baths. 
Similarly, unit by unit, heaters. stirrers, 
thermostats, and other components can 
be combined to give the precise bath 
capacity and control wanted. Bulletin 
fully describes, illustrates, and gives 
current prices of all parts and accessories 
in this comprehensive line. Fisher 
Scientific Co. P-90 


Sarety M. 1. Wirtnc. New 24-page 
brochure, “Safety mineral insulated 
Wiring System,” just issued. Contains a 
complete history and detailed expla- 
nation of the many outstanding char- 


acteristics and applications of t) 
wiring system. Also includes hot, 


graphs of some recent installations angi 


a partial list of users. Genera! Cabjp 
Corp. P 9) 


X-Ray ANALysis. 8-page booklet 
titled “Facts and Figures on Threoll 


Powerful X-Ray Tools for Non-De 
structive Analysis” 
Diagrams show the principles of ope; 


ation, and data is given on recommended) § 


fields of application and results to |, 
obtained. North American Philips Co 
Ine P92 


To receive further information 
on any product or process listed 
here send inquiry, with key num- 
ber, to JOURNAL of The Electro- 
chemical Society, 235 West 102nd 
Street, New York 25, N. Y. 


Please print your name and ad- 
dress plainly. 


RECENT PATENTS 


Selected for electrochemists by Fred 
W. Dodson, Chairman of the Patent 
Committee, from the Official Gazette 


August 19, 1952 


Holman, B. H., 2,607,721, Silver Re 
covery from Sodium Thiosulfate Solu 
tions 


Kreml, J. F., 2,607,722, Electrolytic § 


Polishing of Stainless Steel 

Painfetti, J. A., Seaton, M. Y., and 
Williams, D., 2,607,723, Production 
of Hexachlorocychlohexane 

Laing, G. F., 2,607,724, Apparatus for 
the Manufacture of Tapered Con 
ductors 

Butler, E. M., 2,607,725, Electrolyti 
Water Correction Device and Filte: 
Combination 

Chadwick, L. 8., 2,607,726, (Ozone 
Generator 

Kehoe, J. W., 2,607,808, Thermocoup! 
and Mounting Clamp Therefor 

Pitzer, E. C., 2,607,809, Dry Cell 
Assembly 

Walker, H. E., 2,607 S10, Storage 
Battery Plate Separator 

Peters, C. E., 2,607,832, Devices Whic! 
Have Selenium As Constituent |’arts 
Thereof 


August 26, 1952 


Fox, A. L., 2,608,466, Process for 
Preparing Active Form of Mang: °° 
Dioxide 


is available gratis § 
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\pra-.ves and Refractories, Aluminous, Are Furnace Practice 

ihe of—J. A. Upper............ . 57C 
0; B.D)... . 276 
\cetonitrile, Studies in, of Inorganic 


Salis—S. Wawzonek and M. E. Runner... 457 
\cheson Medal Award to J. W. Marden 
\ddieks, L.—The Founders .. 158C 
\ddicks, L.—Rare Metals from a Producer’s Point of View 

101C 


\lbright, C. H., et a: Polarographie Behavior of Organic 
Compounds, XI. The 2-Bromo-n-alkanoie Acids. Influence 


of Substitution on Carbon-Halogen Bond Fission 227 
\lkaline Cell with Copper Oxide or Air Depolarization (1902- 
1952), The—E. A. Schumacher and G. W. Heise 191C 
\kkaline Manganese Dioxide Dry Cell, The—W. 8S. Herbert 
190C 

\|kaline-Mereury Oxide Cell, The—J. M. Booe 197C 
\llen, N. P., et al.-The Free Energy Diagram of the Vana- 
dium-Oxygen System (D) 274 
\lloy Plating Process, Mechanism of the Tungsten—W. E. 
Clark and M. H. Lietzke 245 
\lloys, Theoretical Analysis of Diffusion Processes Deter- 
mining Oxidation Rate of —C. Wagner 369 
\lumina Electrolysis, Recent Developments in, as Found in 
French and Italian Publications—F. V. Andreae 300C 
\luminous Abrasives and Refractories, Are Furnace Practice 
in Manufacture of —J. A. Upper 57C 
\luminum, Corrosion of, by Carbon Tetrachloride—M. Stern 
and H. H. Uhlig 381 
\luminum Developments, Half Century of—J. D. Edwards 
298C 

\luminum with Carbon Tetrachloride, E iffect of Oxide Films 
on Reaction of —M, Stern and H. H. Uhlig 389 


\luminum, Electrochemical Behavior of, III. In Buffered 
and Alkaline Solutions of Potassium Ferricyanide and in 


Sodium Hydroxide—J. V. Petrocelli 
\luminum, Hydride Bath for Electrodeposition of —D. E. 
Couch and A. Brenner 234 
\luminum Waveguides, Electroformed Using Organo-Alu- 
minum Plating Baths—W. H. Safranek, et al. 53 


\lvord, R. D., et al.—-Eleetrodeposition of Silver on an Iron- 
Nickel Alloy for a Glass-to-Metal Seal Arrangement .. .349 

\minophenols from Nitrocompounds, Electrolytic Reduction 
of Organie Compounds—C. L. Wilson and H. V. Udupa 

289 

\mmonium Chloride— Zine Chloride—Methanol from —50° to 
20°C, Conductivities and Densities of —L. R. Dawson, et al. 

. 5386 

\nderson, F. C.—-The Edison Nickel-Iron-Alkaline Cell.. 244C 
\ndrew, K. F., and Gulbransen, E. A.—A Preliminary Study 
of the Oxidation and Vapor Pressure of Chromium 402 

\ngel, G., and Briinnland, R.—Influence of Impurities in the 
Eleetrolyte in Chlorine-Caustic Electrolysis by the Mercury 

Cell Process, II. Further Investigation of the Influence of 

Metallic Impurities upon the Decomposition Rate of So- 

dium Amalgam 442 

\ngel, G., and Lundén, T.—Influence of Impurities in the 
Electrolyte in Chlorine-Caustie Electrolysis by the Mercury 

Cell Process, I. Investigation of the Influence of Metallic 

Impurities upon the Decomposition R: ate of Sodium Amal- 


gam 435 
\nniversary Issue on Primary Cell Systems; Foreword—J. N. 
Mrgudich 179C 
versary Issue on Storage Batteries—Introduction—J. C. 
White 233C 
\nole Polarization Effects of Nickel in Sulfurie Acid—D. 
Tiirner (D) 275 


indicates Discussion. 


Index—Volume 99 TP 
ASU 
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Anodic Behavior of Iron in H,SO,—J. H. Bartlett and L. 


Anodic Decomposition of Hydrogen Peroxide, The—A. Hickl- 
ing and W. H. Wilson (D)......... 274 


Anodic Processes on Corroding Metals, Some Factors in— 
T. P. Hoar and U. R. Evans. . 
Apparatus for Studying E lectrogravitational Separations. 
Some Experiments on the Extraction of Sodium Chloride 
from Solution in a Flow System—G. W. wees ugly and D. 
Are Furnace, Development of Graphite Electrodes’ in and 
Study of Heat Losses with Different Electrodes in Single 
Electrode Inert-Atmosphere—W. E. Kuhn........... 97 
Are Furnace Practice in the Manufacture of Aluminous Abra- 
sives and Refractories—J. A. Upper............. 57C 
Are Furnaces, Production of Titanium Ingots by Melting 
Sponge Metal in—W. E. Kuhn........................ 89 
Are Melting of Zirconium Metal—H. L. Gilbert, W. A. Aschoff, 


and W. E. Brennan, II +"Ale 191 
Are Melting of Zirconium Metal—H. ‘Gilbert, Ww. A. Aschoff, 
and W. E. Brennan, II (D)....... See ae 


Aschoff, W. A., et al.—-Are Melting of Sivooniem Metal... 191 
Aschoff, W. A., et al.—Are Melting of Zirconium Metal (D) 


Auerbach, R., Winner of Henevabie Mention in Prize Essay 
Contest 284C 


Baker, R. F., and Byron, E. 8.—Effects of Working on the 


Properties of Molybdenum...... .. 194 
Baker, R. F., and Byron, E. 8 Effects of Working on the 
Properties of Molybdenum (D) — ... 658 
Barnartt, S8.—Current Distribution Over a Cylinder with 
He mispheric: al Ends (D) 272 
Barnartt, 8.—Primary Current Distribution Around Capillary 
Tips Used in the Measurement of Electrolytic Polarization 
Bartlett, J. H., and Stephenson, L.—Anodic Behavior of Lron 
in H.SO, 504 
Batteries, Lead-Acid Automobile—E. Willihnganz..... 234C 
Batteries, Lead-Acid Motive Power and Carlighting—H. C. 
Riggs . 236C 
Batteries, Lead-Acid Stationary—U. B. Thomas .. 238C 
Batteries, Magnesium Primary—C. K. Morehouse...... 187C 
Batteries, Nickel-Cadmium, Pocket Type—S. Bergstrom 
Batteries, P last Electrolyte Retsining Lead-Acid 
Storage—C. H. Endress and C. C. Rose... . 241C 
Batteries, chess Plate Nickel-Cadmium—G. B. Ellis, et al. 

Batteries, Zine Silver Peroxide. Alkaline Storage—S. Eiden- 
Battery, Dry, Electrochemical Evaluation of Manganese 
Dioxide for—N. C. Cahoon 343 
Battery Research and Development C lonference, Sixth Annual 


Batzer, D., and Murphy, G. W.— Apparatus for Studying 
Elee tragravitational Separations. Some Experiments on the 
Extraction of Sodium Chloride from Solution in a Flow 


Baumann, H. N. Jr. The Relationship of Alpha and Beta 
Baumann, H. N. Jr. _The Relationship of Alpha and Beta 


Beck, W., and Roald, B.—The Dissolution of Magnesium in 


Hydrochloric Acid (D).................... 
Bechtold, J. H., and Seott, H. Mechanical Properties of 
Are-Cast and Powder Metallurgy Molybdenum (D).... 277 
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Bergstrom, S8.—Nickel-Cadmium Batteries—Pocket Type Cahoon, N. C.—An Electrochemical Evaluation of Mo. igane, 
. 248C__ Dioxide for Dry Battery Use... 2 
Beryllium Carbide, Synthesis, Fabrics ation, Properties of— P Cahoon, N. C., and Heise, G. W.- Dry Cells of the L. claneh 
J. H. Coobs and W. J. Koshuba 115289 ~=Type, 1902-1952—A Review....... 1704 
Biology and Medicine, Electrochemistry in—L. G. Longs- Calcium Carbide, Ferro-Alloys, from E lectric Furnace: —J. 1 
worth 355C Brennan 6] 
Blake, I. C.—Silver Chloride-Magnesium Reserve Battery Calcium Zine Silicate Phosphor-—R. Nagy, C. K. Lai Wei, an 
re 202C R. W. Wollentin 13 
Blake, I. C.—-Water- Activated Primary Cells Using Alkali Callinan, T. D.—The Electric Insulation Division. . 145 
Metal Persulfates As Depolarizers . 328 Callinan, T. D.—Fifty Years of Electric Insulation; Gene, 
Blum, W.—Fifty Years of Electrodeposition . 31c Introduction 147 
Blum, W. (D) 272, 554 Capacitor, Influence of the ee in the Foil, Electrolyt 


Board of Directors, Condensed Minutes of Jenusey 25, 1952 


Meeting 96C 
Board of Directors, Condensed Minutes of May 4, 1952 Meeting 
162C 


Bockris, J. OM. (D) 273, 274, 559 
Bockris, J. O’M.—A Brief Summary of Hydrogen Electrode 


Kinetics 366C 
Bockris, J. O’M., and Potter, E. C.—The Mechanism of the 
Cathodic Hydrogen Evolution Reaction 169 
Bockris, J. O’M., and Potter, E. C.—The Mechanism of the 
Cathodic Hydrogen Evolution Reaction (D) 556 
Bonilla, C. F., and Carr, D. S.—Thermogalvanic Potentials, 
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How Determine Impurities 
Copper Plating Baths 


SILVER in copper plating baths may be determined 
colorimetrically, by using a carbon tetrachloride solu- 
tion of dithizone to produce the colored solution. The 
hue measured is that of the mixed color of silver keto 
dithizonate and cupric keto dithizonate. Small amounts 
of certain other metals do not interfere, nor is separa- 
tion of the silver required. 


CHLORIDE, also, may be determined colorimetrically. 
The method depends upon the addition of a known 
quantity of silver ions and determining the excess of 
silver ions remaining after silver chloride has been 
precipitated. The excess is determined by the mixed 
color of silver and cupric dithizonate. 


LEAD traces ere determined as follows: Organic mate- 
rial is oxidized with phosphoric acid and the lead is 
separated from interfering ions by extracting with a 
carbon tetrachloride solution of dithizone in the pres- 
ence of potassium cyanide. Transmittance of the solu- 
tion is measured and the quantity of lead determined 
from a calibration curve. 


CHROMIUM: To determine chromate chromium, nitric 
acid is added to oxidize any reducing agents, phos- 
phoric acid is added to make a complex with Fe+++, and 
diphenylcarbazide is added to form a colored complex. 
Transmittancy of the solution is measured, and the 
amount of CrO, present as chromate is read off the 
calibration curve. 


silver is precipitated. The solution is centrifuged, the 
transmittancy of the clear supernatant solution mea- 
sured, and the amount of CrO; present is determined 
from the calibration curve. 


NICKEL can be accurately determined colorimetrically 
by forming nickel dimethylglyoxime but copper must 
first be removed quantitatively. 


A.E.S. RESEARCH PROGRAM 


The American Electroplaters’ Society is conducting a 
comprehensive research program and has developed 
useful information on current plating problems. Inter- 
national Nickel, in addition to its other support of this 
program, feels that it will be a further service to make 
copies of these A.E.S. Research Reports available. 


For an authoritative, detailed, 54-page study of this 
subject, we offer you a free copy of the A.E.S. Research 
Report, Serial No. 16, entitled “Determination of Im- 
purities in Electroplating Solutions.” Use coupon now. 


The International Nickel Company, Inc. 
Dept. P, 67 Wail Street 
New York 5, N.Y. 


Please send me a copy of A.E.S. Research Re- 
port, Serial No. 16, entitled “Determination 
of Impurities in Electroplating Solutions.” 


precipitation. The chromium is oxidized first by fum- Address..... 
ing with perchloric acid and then by boiling with am- ‘ Stat 

monium persulfate in the presence of silver ions. The <4 9 
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ENTHONE CAN SHOW YOu HOW 
TO DO ANY OF THE FOLLOWING: 


Remove rust and scale from steel in an alka- 
+ line solution. 


without any attack on the 
Steel 


Strip nickel, lead, tin, solder, silver and ¢ 
* per from steel without any attack on the steel 


3. 


Electroplate on aluminum for soldering 


4, Remove excess silver solder from steel 


5. Phosphate and clean steel in one operation 


Prevent rusting of steel during oo 
* drying or storage 


7 


¢ Shorten alkali cleaning time to seconds, 


8. Strip enamels from plastics 


Remove heat scale from copper alloys without 
* etching the base metal 


10 Chromate zine and cadmiy 


m for high salt 
Spray resistance 


KEEP UP TO DATE. 


Write for check list of Enthone literature on 
“ver products and processes tor better 
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